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THE PRESIDENT'S COUNCIL OF ADVISORS ON SCIENCE AND TECHNOLOGY 



The Council provides priv:ue sector advice to the President in matters of national importance 
involving science and technology. The Council responds to requests from the President and 
aggressively maintains a general watch on developments to be in a position to raise issues, 
opportunities, and concerns to the President. The issues that the Council addresses normally affect 
not only the private sector but cut across Federal Department and Agency boundaries, In addition 
to being fully responsive to the President, the Council considers requests made by the Vice 
President and others within the Executive Office of the President. 

Although the boundaries are not clear-cut, the CounciPs advisory work falls broadly into three 
categories: (1) emerging science and technology issues; (2) policy for science and technology as well 
as science and technology for policy; and (3) structural and strategic management policies within the 
Federal government as well as policies in non-governmental organizations. 

The Council is currendy composed of 13 members, including the Chairman, who provide 
perspectives from academia, industry, private foundations and research institutes. 
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THE white: house 

WASHINGTON 



November 16, 1992 



Dear Mr. President: 

Your leadership has stimulated the nation to undertake uiaprecedented educational 
reform. This leadership has also mobilized the talent and resources of the Federal 
government to support this reform effort through the Federal Coordinating Council for 
Science, Engineering, and Technology. It is a pleasure to transmit to you, on behalf of 
your Council of Advisors on Science and Technology, a report that prpvides an analysis 
of issues and recommendations for further implementation of the National Education 
Goals and the America 2000 National Education Strategy related to education in 
mathematics, science, engineering, and technology. The report is entitled LEARNING to 
Meet the Science and Technology Challenge. 

The President's Council of Advisors on Science and Technology (PCAST) believe that 
the national reform effort is beginning to produce a consensus for a process that: (1) 
continues to build support for achieving the National Education Goals; (2) sets national 
education standards that help identify th ; common core of knowledge and competencies 
that are expected of all children; (3) develops a national system of assessments designed 
to measure performance and fuIflUment of the standards; and (4) challenges every 
teacher in every school to develop responses to the heightened demands for educating 
American children. 

This report considers teachers and teaching at every level. We focused on the need to 
build a stronger foundation for understanding mathematics and science throughout our 
society by placing special emphasis on the improvement of elementary and secondary 
education in these fields for all of our children. 

Since there is evidence that our educational system often fails to encourage outstanding 
performance, the Council particularly focused on the need for nurturing special 
aptitudes for science and technology. We found that aptitudes in scientific and 
technological fields are often unrecognized or discouraged, particularly among girls and 
the children of disadvantaged groups. Specific strategies are recommended for 
nurturing special aptitudes in order that society may fully benefit from the contributions 
of superb scientists and engineers. 

Finally, the report notes new ways to engage young minds in modes of thought that are 
needed in science, mathematics, engineering, and technology. There are several 
approaches to teaching and learning that give expression to our theme of learning 
through research. 
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The PCAST members would be pleased to discuss any part of this report with you that 
may be of particular interest. With your permission and following your review, I 
propose that this report be made public as a contribution to the continuing deliberations 
on reforming education in mathematics, science, engineering, artd technology. 

The Bush Administration has provided very strong support and leadership for science 
and technology, including science and technology education. The recommendations 
contained in this report are designed to further strengthen this vital investment in our 
nation's future. We believe that continued commitment and a sustained effort are 
required if educational reform in the nation is to be fully realized. 



Sincerely yours. 




The Assistant to the President 
for 



Science and Technology 
and 
Chairman 

President's Council of Advisors on Science and Technology 



Tlie President 
The White House 
Washington, D.C. 20500 



Enclosure 
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EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF SCIENCE AND TECHNOLOGY POLICY 



WASHINGTON. D.C. 20506 



November 11, 1992 



Dear Dr. Bromley: 

It is with pleasure that I submit to you the report, LEARNING to Meet the Science and 
Technology Challenge, on behalf of the panel I co-chaired with Charles Drake for the 
President's Council of Advisors on Science and Technology (PC AST), 

The leadership of the President has stimulated our Nation to undertake unprecedented 
initiatives toward reform of basic education. This leadership has also mobilized, 
through the Federal Coordinating Council for Science, Engineering, and Technology, 
the talent and resources of the Federal government in support of this reform effort. 
Our report provides suggestions and recommendations for further implementation of the 
National Education Goals and the America 2000 strategy. 

We take the view that the security and prosperity of the Nation require policies that 
ensure higher levels of scientific and technological knowledge and skill for all 
Americans, which is why we have chosen the title we have for this report. The 
dramatic actions underway must be sustained for several more years in order to assure 
that needed changes occur and become permanent. 



Enclosure 

The Honorable D. Allan Bromley 
Assistant to the President for 

Science & Technology 
Executive Office of the President 
Washington, DC 




Peter Likins 
Co-Chairman of PCAST Panel 
on Education and Human Resources 
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Preface 



'I'hc reader is forewarned: Do not seareh within these pages for a painless, majj;ical elixir to cure the 
ills of our learning systems in America. The members of the IVesideni s (louneil of Advisors on 
Science and 'lechnology are persuaded that the learning challenge in America requires a sustained 
commitment to hard work on many fronts, so we have prescribed a balanced diet and a strict regimen 
of disciplined exercise. Our objective has been to deal with a very complex set of problems in a 
realistic and useful way. \^'e hope fervently that we have succeeded. 
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Executive Summary 



7//r iinnoit that (IramatUolly a lul boldly led the Xi^'orld Into the dj^c of tevhnolojiy is fm ling to provide its oxc^ff 
(hildmt 'ai'ith the iiitellerttial tools needed for the ^L<t retftiiry. 



he emergence of* the Tnited States ofAiiierica among the leading nations of the world in the 



1 ZOth century derives sniistantially from our pre-ennnence in technology and industrial 
production in the first half of the century. Our continuing strength is l)ased suhstaniially on our 
leadership in both science and technology in the decades following World War II. It is highly likely 
that science and technology will iiecome even more signifif^ant in the 21st century in their influence 
on our physical and economic security, on our standard of li\ ing, and on the (piality of life of people 
throughout the world. 

As we approach the beginning of the 21st century, it is becoming apparent that our nation s 
leadership in science and technology is not assured. In many critical areas of techn dogy we are 
clearly no longer the best in the world. Thus we face in this country a srienre (/ml terhnology ehalleft^e. 
'i'his is not the only challenge that must be met for the security and prosperity of this nation, but 
unless we meet the science and technology challenge security and prosperity will suffer. 

Confronting the complex issues associated with the science and technology challenge will re(juire 
more dramatic and more sustained actions on the part of the President and the federal go\ ernment 
over the next decade than at any time in the past twenty-five years. New federal initiatives must 
focus on the deployment of our best scientific and technical resources to address the National 
Kducation (Joals. On the one hand, we need to identify and develop our most promising students, 
those who will ultimately lead this nation s science and technology efforts. At the same time, we 
need to promote policies that ensure higher levels of scientific and lechnological knowledge and skill 
for all Americans. 

The President s Council of Advisors on Science and Technology (PCAST) applauds the work of the 
Federal Coordinating Council fi)r Science, Kngineering, and Technology (|^XX:SHT) in integrating 
the broad array of federal policies and programs that support science and engineering education. We 
urge expanded comm.(tment to the i^'CCSKT initiatives in science and engineering education and 
provide recommendations for specific actions in the body of this report. 



Competitive advantage in science and technology depends increasingly on human capability. Of 
course, scientists, engineers, and technologists re(|uire excellent facilities to do work that meets the 
standards of global competition. But the most critical factor in meeting the science and technology 
challenge is die flevelopment throughout society of people who can learn how to work effectively in 
an increasingly technical environment, 'Hiat s why this report is called "LKARNING to Meet the 
Science and Technology (Challenge.'" 



National Science Board (vommission on 
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.Science, and Technology { 19W) 
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Wc know that learning has many aspects, among them teaching, research, and other modes of 
discover^'. We also recognize that learning about science and technology is important for everyone: 
factory- workers, office staff, corporate managers, parents, physicians, lawyers, and accountants in 
addition to teachers, scientists, and engineers. Stimulating learning about science, mathematics, 
engineering, and technology at all levels and throughout society is necessary (but not sufficient) for 
the health of our economy and the welfare of our people. 

Our task i:)egins with our youngest children, or even with prenatal care, but it doesn't end with the 
adolescent years. Success requires superb teachers, scientists, and engineers educated and re- 
educated throughout their lives. And the engines of industry are driven by workers who require 
continuing education to keep up with the changing demands of their jous. llnless we face the needs 
of the eutnr population, we will fail to meet the science and technology challenge. 

l*V'dcral relationships with research intensive universities are particularly complex, and PCAST has 
undertaken a separate, major study of this subject. These issues are addressed only tangentially in 
the present report. 

The National Education Goals 

Our society is approaching consensus regarding the steps that will lead to necessary improvements in 
basic (elementary and secondarx ) education. This process is as follows: 

■ Establish National Education Goals. 

■ Establish N^^ * *onal Education Standards defining appropriate educational progress in each of the 
critical fields, including science and mathematics. 

■ Establish a national system of performance assessment instruments and procedures (but not a 
federally mandated test). 

■ Develop local and regional strategies for meeting the National Education Standards using 
approved methods of assessment (but not a federally mandated national curriculum). 

■ Develop statistically valid instruments (such as those of the National Assessment of Educational 
Progress programs) to define a single federally sanctioned statistical measurement of the comparative 
progress of groups of students and teachers (but not of individuals). 

The first step has been taken with the adoption in 1990 of the National Education CJoals developed 
by the President and the nation s (jovernors. The remaining steps in this process are well underway 
through the implementation of the America 2000 strategy. Debate will continue, but we strongly 
recommend accepting this process as a baseline policy and getting on with the difficult job of 
implementation, 'l^hc year 2000 will soon be upon us, and our task is just beginning. 

I 'nless the entire system of basic education is reconstructed in quite fundamental ways, with an 
emphasis on standards within a range of options, it will not be possible to achieve our goals in 
mathematics and science education. 

^^11 LEARNING 10 MEET THE SCIENCE AND TECHNOLOGY CHALLENGE 
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General Recommendations 



Our entire system of education has not adapted adequately to the demands of a chanf!;ing world, with 
consequences that are now most evident in elementary and secondary education. It is absolutely 
essential that the required adaptation be accelerated throughout the system, or it will not be possible 
to restore and preserve our global leadership in living standards for our people. 

As we striv e to meet the science and technology challenge of this nation, we must recognize 
immediately that we cannot succeed without effective and dedicated teachers at all levels, from 
grade school to graduate school and beyond, leading the way through lifetime learning. Moreover, all 
teachers must ha\'e the goal of motix ating ex'ery student by means of creative curricula and 
innovative engagements with good science and technology. 

We must recognize at the same time that strengthening the (juality of teachers is but one aspect of 
our challenge, because learning is not limited to formal schooling. We must accept responsibility in 
all sectors of our society for improving education, forging partnerships that include families, churches 
and community groups, business and industry; labor, and government at all levels to join with 
schools, colleges, and universities in a concerted effort to rebuild the American dream on the 
foundation of learning. 

As a general principle, adaptation and change are accelera»:ed by the availability of alternative choices 
in a creative atmosphere. We must preserve and exploit more effectively the variety of options now- 
available to Americans. However, we also need to find ways to diversify our educational strategies 
and encourage more options. In postsecondary education, we must enhance the opportunities for 
those seeking to become technicians or technologists. 

If there is a single theme that should guide all of the necessary educational reforms, it is this: We 
must strive to meet the developmental needs of each individual in our society so as to derive the 
maximum benefit from the potential capabilities of all members of our society. In short, we must get 
from ever\'one their very best. The implications of this theme are pervasive; grade school learning 
experiences must be adapted to the child, and college courses must be shaped to the varying needs 
and capabilities of the students enrolled. We must recognize that technicians and technologists are 
important members of a productive society and develop the needed skills where aptitudes and 
interests permit. We cannot afford to waste human capability, because in the modern world human 
resources are the priman- assets of any society. 

We are deeply concerned about the lost potential represented by undeveloped talent for science, 
mathematics, engineering, and technology in America. The losses are probably most critical for 
those sectors of our population that lack a tradition of participation in these fields. If our society is to 
derive full advantage of the talent of its people in science, mathematics, engineering, and technology, 
there must be special emphasis on the development of capacity among females and those growing 
populations now referred to as minorities. It is important to recognize that our concern for 
undeveloped potential in these groups is not driven by any quantitative assumptions about the 
demand for professionals, but rather by the knowledge that our society will benefit by increasing the 
depth and breadth of understanding of science and technology throughout the population. 
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A major problem that must be addre:>sed is the need to inerease educational produetix ity so as to 
maximally improve our educational performance within resource constraints. Significant 
reallocations of resources may be necessary. Productivity improvements may in part be achieved by 
better use of technology. Klectronic networking to share teaching and learning resources provides an 
example. 



ADVICE TO THE FEDERAL GOVERNMENT 

PCAS'l^ is the President's Council of Advisors on Science and Technology, and we rccogni/e a special 
obligation to advise the President of the United States and the agencies of the executive branch of 
our governmen:. The nature of our democracy requires that such advice be directed to the Tnitcd 
States Congress as well. 

'I'he fundamental message to the federal government is the san^e advice offered to all other partners 
in the educational enterprise, as noted above: Adx ance the National Education Goals; accelerate the 
adaptation of the entire educational system to changing global requirements, including more 
educational options and choices; focus on the developn^ent of individuals; nurture especially the 
interests and talents of females and minorities in science and mathematics; emphasize the 
development of teachers in fields relating to science and technology; and facilitate the formation of 
community partnerships committed to education as a key priority of our society. All of these 
objectives require the support and encouragement of the federal government, but none can be 
accomplished by the government alone. In some areas, such as educational technology, capital 
investments by the federal government may be essential to progress. In other areas, such as 
community partnership formation, the role of the federal government may be limited to 
encouragement. In every case, however, there is a role. 

There are specific federal programs that should be initiated or expanded in an effort to recognize and 
encourage excellent performance in science and mathematics by young people with undeveloped 
potential in these fields. 'I'hree examples of existing programs that warrant expansion are the Yo/Wi!: 
Scholars Program and the Research Experiences for Vnrletgradtiates Program of the National Science 
Foundation and i\\cJavits Gifted and Ta/enfec/ Er/acafion Program of the Department of Education. 
We recommend in addition a major initiative to establish summer laboratory schools at NASA and 
DOK facilities for students and teachers in grades seven through twelve. Furthermore, technical 
training programs developed for military service personnel should be adapted wherever possible in 
the public sector. 

We note some disturbing trends in post-secondary education in science, mathematics, engineering, 
and technology and recommend renewed attention to the more advanced programs for education and 
research in these fields. Faculty priorities must focus still more on students, with emphasis on 
teaching and on research as a learning experience. Because federal research funds provide powerful 
incentives that shape faculty values, the federal government can influence faculty priorities by giving 
more attention to curriculum development, instructional innovation, and effective teaching. 
Recognition of teaching excellence, instructional scholarship, and public service can also influence 
the value systems of our colleges and universities. 
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Fellowships, trainccships, and loan forgix'cncss programs for fi;radiiatc students should be 
instruments of feaeral poHey desi^^ned to encoura<i;e I'.S. citi/ens and permanent residents to pursue 
adv anced education in critical fields, such as science, mathematics, cnf!;ineerinf!; and education in 
related areiis. Such support ma> extend to pro^iirams for retrainin^i; of current teachers, especially to 
address the need for mathematics and science specialists in elementary education. 

Finally, it should be rec()<i;ni/.ed by the federal government that the escalating costs of educati{)n 
must ultimately be controlled, in part, by increases in educational productis ity, and federal 
sponsorship of initiati\es to improve producti\ ity should rcceixe hi.c;h priority. One principal strate^^y 
for productivity improvement relies upon applications of instructional techn()lo,[!;y that may recjuire 
substantial initial investments. A federal initiativ e that stimulates the development of educational 
techn()l()f!;ies or opens new pedaii;o.[j;ies may be important to pr()i:^ress in this area. 

ADVICE TO THE PRESIDENT 

The President is adx ised to make e\ cry effort to maintain the leadership initiative established in this 
area, and to reinforce the publics understanding; of the po\vcr^\il linka!:;e between the prosperity of a 
nation and the education of its citi/enry (Joal -5 of the six National Hducation (Joals says it well: 

By the year 2()()(), ev ery adult American w ill be literate and w ill possess the 
knowledge and skills necessary to compete in a global economy and exercise the 
rights and responsibilities of citizenship. 

We w ould have the I^resident take note of the critical significance of bas'c education in mathematics 
and science to this goal, and recogni/e too that the achievement of world class standards in 
elementary and high school matheniatics and science is not enough for a nation to be com[')etiti\ e in 
the global economy. Improvement is recjuired also in post-secondary education in these fields right 
through graduate study, as well as in continuing education in engineering, science, and mathematics, 
if our nation is to meet the global competition for ideas, products, and services. 

'I'he ( louncil urges the [Resident to expand his commitment to the bXlClSKT initiati\ es in .>Lience 
and engineering education, including programs to motivate and reward excellence in teaching at all 
levels and in both formal and informal settings. 

I^^inally, it is im[')erati\ e that priorities in the President's 1994 budget proposal and subsec|ucnt 
budget and legislatix e proposals match actions and words. We recogni/e the magnitude of this task 
in an era when deficit reduction recpiires very serious attention, and note with appreciation the 
President s support for research and education in prior years. We hope that even w ithin severe 
budgetary constraints there will be opportimities for special initiatives that respond to our common 
commitment to LKAR\L\ (i To Meet the Science and leclinolojiy Challenge. 
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Chapter !. 

Background 



The dranvatic success of the I'nited States of America in the 20th century has depended critically 
upon leadership in science and technology. While many other factors have also come into play, 
without ^rreat stren^^th in both science and technology the nation could not ha\e emerged in this 
century to achieve its current stature in world affairs. American industrial strength was built initially 
upon advances in technology and industrial production, and in the latter half of this century the 
discoveries of modern science have provided opportunities for new technologies to introduce entire 
new industiics. On those occasions in the 2()th century when warfare has been necessary, the 
contributions of science and technology to victory have been crucial. Hxtraordinar\' progress in 
human health in this ccnturx is also rooted in scientific and technological achievement. Even the 
food we eat and the water we drink have been influenced profoundly by science and technology in 
the past one hundred years. Although we have not yet found ways to ensure the e(|uitable 
distribution of the benefits of science and technology, and we still need better control of some of the 
adverse consequences of technology, there can be little argument about the importance of science 
and technology to the emergence of the I 'nited States as a world leader in the 2()th centurv. 

The role of science and technology in the 21st century is very likely to be even more fundamental 
than in the century now coming to an end. It is not at all clear, however, that the United States will 
maintain world leadership in these fields. Indeed, in some sectors of technology that leadership has 
already shifted elsewhere. Thus we must face in this munuy -Asrienre anr/ terhnolo^^ c/ialkn^e. 

In the first half of the 2()th century it was primarily technology and industrial production that fueled 
the American ascension, and only after World War II did American science achieve pre-eminence. 
Whereas the progress of technology in America was largely the product of industrial corporations 
driven by market opportunities, the progress of science depended largely on the policies and budgets 
of the federal government. In other nations of the world, particularly in Western Kurope and Japan, 
government policies have also shaped /^r////rV^?.e/>^// developments in recent decades, with results that 
have substantially altered the economic structure of the global society. 

The success of these policies has prompted more deliberate consideration of the linkages among 
science, technology, and the economy in the United States, leading to the recognition that good 
science > necessary but not sufficient for advanced technology which is in turn nccessar\' but not 
sufficient for a healthy economy in the modern world. It follows that the science and technology 
challenge must be met if American prosperity is to continue to lead world standards. At the same 
time, other societal and institutional challenges must not be ignored. Unless we also preserve a 
sound basis for stable government and effective systems for world commerce, we will not achieve the 
fiill potential benefits of science and technology 

It is the central thesis of this report that the science and technology challenge must be met by 
learning, a term that we understand to embrace both teaching and research. Whether the necessary 
learning is accomplished in the classroom or the research laboratory or merely through practical 
experience, it seems clear that learning is the key to progress in science and technology The 
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emphasis in this report is on prccollcirc education, althoiii^h implications are drawn when appropriate 
about both undergraduate and graduate university education and research. The [^resident s (Council 
of Advisors on Science and 'Icehnology has prepared a separate report on research-intensive 
universities and the federal gov ernment entitled Rmwuj^^fhe Promise: lleseairlhUiteitske I '//kr/'si/irs 
and the Xat 'ioit, 

In what follows, the learning agenda for the Ignited States is addressed in four chapters: 

Chapter II. Kducation In Science and Nhithematics: Meeting the National Kducation (ioals 

This chapter addresses the need for building a stronger foundation for the understanding of science 
and mathematics throughout our society by means of improvement of elementary and secondary 
education in these fields for all of our children. At least three of the six National Kducation (ioals 
adopted hv the President and the nation s CJox ernors relate to science and technology. Achie\-ing 
these goals will enable us to meet the needs of most of our people. However, something \wxc is 
rc(iuired if the full })otential of our population is to be realized. 

Chapter III. Nurturing Special Aptitudes: Developing Superb Scientists and Kngineers 

'I'his chapter focuses on special initiativ es re(|uired to ensure that every talent for science and 
technology is fully developed so that society can derive full benefit from the contributions of superb 
scientists and engineers with the most adv anced education. Kxperience tells us that aptitudes in 
these fields are often unrecognized or discouraged, particularly among girls and the children of 
disadvantaged groups. Specific strategies are recommended for nurturing these special aptitudes. 

Chapter IV. Who Shall Lead theWay.^ Teachers of Science, Mathematics, 
Kngineering, and 'lechnology 

This chapter deals with the teachers at every level who bear responsibility for instruction in scierce, 
mathematics, engineering, and technology. Teachers are the top priority of the federal Coordinating 
Council for Science, Kngineering, and Technology, and for good reason. Tnless our teachers are 
prepared to meet their responsibilities well, all else will fail. 

Chapter V. Learning Through Research 

In this chapter, a brief intimation is provided of the interdependcncy of teaching and research in 
the learning process. A full exposition of the research agenda for science and technology would 
recjuire a separate report, but the inclusion of a small chapter in the present report is intended to 
convey a message: Teaching and research are complementary aspects of learning, and they should 
not be entirely separated. 

1*he sixth and final chapter, Rceowmcudations. is a summary of the major recommendations appearing 
throughout the report. 
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Chapter II. 



Education In Science and Mathematics: 
Meeting the National Education Goals 



ftlic six National Kduciuion (ioals adopted by the President and the nation s (iox ernors, three 



V-/arc partieiilarK' relevant to a report about learning!; in science and technology. 

(JOAL 3: Hy the year ?MKl American students will leave f!;rades four. ci.u;ht and twelx e havin<i; 
demonstrated conipetencx* in challenjz;in<i; subject matter includin,^ Knglish, mathematics, science, 
history, and <^e()ti;raphy; and every school in America will ensure that all students learn to use their 
minds well, so they may be prepared for responsible citi/.enship, further learning!;, and productix e 
employment in our modern economy. 

(JOAL 4: By the year 2{)(){K T.S. students x\ ill be first in the xvorld in science and mathematics 
achiexemeni*. 

(JOAL 5: By the year 2{)()(), cxery adult American xx ill be literate and xvill possess the knoxvledge 
and skills necess:iry to compete in a ^^lobal economy and exercise the rij2;hts and responsibilities of 
eiti/.ensliip. 

The prosperity and exen the full x itality of our democratic society are increasinfz;ly dependent on 
the creation and use of scientific information — on a body politic that x alues the scientific mode of 
inciuiry, and on a relatix ely smaller number of hifz;hly-trained and (pialified scientists and enfz;ineers 
xvho have the nbliu;ation to share their understandinj; of the fundamental laxvs of nature xvith the 
larfz;er public and to apply those laxvs to the solution of human problems. The process of 
stren,i!;theninjj; scientific literacy amonj; all our citi/.enry and the process of trainin*!; seiertists and 
enjj;ineers are lonjj;-term and expensix e. The federal role addressing; both of these national interests 
is pix'otal. I loxvexer, responsibilities for identifying;, preparin,^. and maximi/jnj; uses of our scientific 
talent must be shared by all levels of <!;()x ernment and by other sectors of our society. 

(Clearly, this nation can no lon<i;er rely entirely on the conventional policies, standards, and 
practices that characterize most of our schools. The transformation of outmoded policies and 
practices can best be accomplished by einpoxNerinf; the individuals and j^roups xvho hax e already 
demonstrated their commitment to achiev e the education j;oals, rather than by prescribing; specific 
reforms at the national lex el. This report therefore provides the President and federal officials xvith a 
set of specific recommendations desij;ned to encouraj;e and reinforce the actions of state and local 
officials xvho are committed to achiex in<; the National Kducation (Joals. 



PURPOSE: Achieving National Goals 
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Commitment to the Achievement of the goals 



The Nationi)' Kducation (Joals developed by the President and the nation's Governors in 1990 
helped to reaffirm education s place at the top of the nation's policy agenda, and set the stage for 
establishing uniform and higher performance standards for all of the nation's educational systems, 
schools, and sfidents. The high priority assigned to education by the President has snmulated a 
number of positive actions and the formation of new alliances by state and local officials, business 
leaders, and parent groups. Initial efforts have focused on reforms to improve basic education. 'I'he 
next stage of education reform should incorporate all levels and all those institutions engaged in 
informal and nontraditional education. 

Achieving the national goals will require significant improvement in the teaching and learning of 
science and mathematics within formal school settings and in nontraditional environments. Our 
schools must ensure that all students learn the fundamental principles and content associated with 
the science disciplines. Our colleges and universities musi assume a substantial role in the 
preparation of (jualified teachers, in addition to the provision of other services and the conduct of 
basic research. And resources in a large and diverse group of special schools, museums, laboratories 
and centers must be marshalled in an expanded effort to engage and challenge our most talented 
students. Identifying and nurturing the best and brightest students in all of the nation's public and 
private schools is the responsibility of every educator and also of federal, state, and local officials, who 
have a special charge to guarantee equity as well as excellence. 

MAKING Progress Toward Achieving the Goals^ 

The initial report released by the National Kducation Goals Panel indicated that we are making 
progress in some areas. Approximately 83 percent of our 19- and 2()-y ear-olds are completing high 
school. For all students, this represents an increase from 81 percent overall. For African-Americans, 
high school completion rates have gone from 66 percent in 1975 to about 80 percent in 1990. Our 
schools are educating a much more diverse student body, and most of these students are mastering 
basic literacy skills. Reported incidence of drug use in schools is down, and achievement in science 
and mathematics has improved at most grade levels over the past decade, especially among minority 
groups. 'Fhc National Kducation CJoals Panel reports that these accomplishments are not trivial, and 
they result from purposeful acdons. They reflect our commitment to educate all our students. The 
Panel did conclude, however, that accomplishments ''fall far short of what is needed to secure a free 
and prosperous future.'' 

EMPHASIS ON Performance outcomes 

The National Kducation Goals ha\'e revolutionary implications for basic educanon. They are 
performance ^iY.\H stated in terms of outcomes or levels of achievement. In the areas of science and 
mathematics, they require "demonstrated competency ... in mathematics [and] science'' sufficient 
to place U.S. students "first in the world in science and mathematics achievement'' by the year 2000, 
when "every adult American will be literate and possess the knowledge and skills required in a 



' In Julv. IWO. the National Kducation (i(uils Panel was created and char^^ed with measuring progress over the nc\r ren year pcrr<»d. In 
September. IWl. the (loaK Panel, consisting; of six i^overnors. lour members <)f the Administrati(m. and four members ()f ( ^(m.nrcss. 
released its first "report card." I^ej^islation to extend the (joals Panel, with a ret'onstitiited membership, is pcndmi;. On September .>0. 

the Panel released its second "report card.'* *I'he report relied ov\ the International Assessment of Kdncational I'ro^ress (IMUM data 
(»na\ ailable last vear), and school staffinj; and course takinj; data. 
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global economy.'' Moreover, the call for 90 percent of our young people to graduate from high school 
requires that the goals extend to virtually all school-aged children, including those for whom 
alternate educational strategies are required. 

Previous efforts to improve education ha\'e often used input or process goals, which prescribed the 
experiences that students and teachers should undergo — for example, the amount and kinds of 
courses required of all students. Many of the new approaches adopted in the 198()s were process 
reforms, and although there is some evidence that these ^ anges have contributed to modest 
progress in recent years, their results have been generally disappointing. 

Strategies for Meeting the National Education Goals 

'I'he national debate on education reform is beginning to produce consensus for the following 
process: 

(1) ('ontinue to build support and consensus for achieving the National Kducation (Joals. 

(2) Set National Kducation Standards, defining learning standards to be achieved nationally, field by 
field. 'I'hese standards should help to identify the common core of knowledge and competencies 
expected of all students. 

(3) Develop a national system of assessments designed to measure performance and achievement of 
the National Kducation Standards. It is unlikely that a single national examination or a national 
curriculum will emerge from this process. However, a set of nationally approved "reference 
examinations" could be devised as standards against which alternative examinations would be 
"calibrated." In this way local preferences would be respected and a continuing development and 
improvement of tests would be encouraged. 

(4) Develop a wide variety of responses to the challenge of educating American children to enable 
them to demonstrate through appropriate examination systems that they meet the National 
Kducation Standards. Ideally, every teacher in every school should be challenged to find new ways 
to meet this objective for ex ery child. There is no need for a single, uniform "national curriculum" 
or federal regulations to exhibit the development of creative solutions on the part of local teachers 
and schools. 

(5) Use small-sample statistical measurement instruments such as those developed by the National 
Assessment of Kducational Progress (NAKP), to compare groups nationally and internationally. 
These surveys provide valuable and accurate information to the public about changes in the 
academic performance of our students over time and in comparison to counterparts in other nations. 

Progress is being made in advancing each of the five steps noted above. The National Kducation 
Goals have been set by the President and the Governors. National Kducation Standards have been 
proposed by the President in the form of "New World Glass Standards" and have been developed in 
certain fields (such as the Mathematics Standards adopted by the National Council of Teachers of 
Mathematics). Standards proposals are also being developed in the sciences by the National 
Research Council and the American Association for the Advancement of Science. Official standards 
will ulrimately be adopted by ihe Standards Council under the direction of the National Kducation 
Goals Panel. 
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The development of the national system of examinations in Step =3 is also underway. The Pew 
Charitable Trusts and the John D. and Catherine T. MaeArtluir Foundation have tmaneed the early 
sta.i!;es of the New Standards Project, which is direered currently toward the development of 
reference examinations and calibration procedures in core subjects, including!; mathematics and 
science. It is essential for the national plan that this work forward, and corresponding efforts are 
re(|iiired in the basic sciences. The federal government has a responsibility to support the 
development of standards and a fair system of assessments. 

Once Step ^3 is accomplished in accordance with this plan, many of the existing regulatory and 
administrative barriers should be discarded in order to let teachers teach in ways that they believe are 
most productive and effective. The statistical measurement instruments developed in Step ^5 
should be able to confirm the validity of the national system of examinations in Step ^3 as indicators 
that National Kdiication Standards have been met. 

The new presumption that virtually all students who work hard enouf^h with (lualified teachers will 
be able to meet world class standards differs from established practice in ;\merican basic education. 
There seems to be little doubt that adopting; this new premise constitutes an improvement in 
educational policy that will serve virtually all Americans, including!; those who will ultimately become 
our scientists, mathematicians, en*!;ineers, and technolr^^ists. One mljr^u well wonder, however, if 
these new policies will be sufficient for this special population. (I''or more on this (juestion, see 
Chapter 111.) 

DEVELOPING PERFORMANCE STANDARDS AND ASSESSMENTS^ 

If we expect all of our students to aspire to the same set of t!;()als, and all to be held to eciually hi«!;h 
performance standards for the basic disciplines offered by schools, national standards and a fair 
system of assessments must be in place within the next two or three years. These standards should 
demand more than minimal levels of performance, and they should provide students families, 
educators, and policy makers with information for strenf^thenin.y; school prof!;rams and offerin*;; 
alternatix e serv ices for students with special and different needs. 

With support from the President and with the direct participation of the Director of the National 
Science l'\)iindati()n and Deputy Secretary of lulucation, a set of recommendations for developing 
national education standards keyed to world-class levels of performance was presented to the 
Cont^ress last January.-' An early adoption of national education standards that reflect the hi<»;hest 
possible expectations for all students, teachers, schools, and school systems is critical in progressing 
toward the achievement of the National Kdueation (ioals, particularly goals 3 and 4. 



^ This scaion refers prinuiriK to the dc\clnpnK'nt ol'iiew eonteiu stjiuUirds and skill rc<inircmeius f'nr students. It should l)e noted that 
the jaiinar\ 24. report In the National ( :onneil on I'.ducation Standards and Tcstinji proxides a rationale tor national education 
standards, and suuf^ests the need for (a) eontent standards, or "what sehools should teach:" (b) student pertonnance standards, or "what wc 
would expect indi\ idiial students to know and demonstrate:" (e) school delivery standards to ensure that the students to be tested are 
actually .i;ettinji the opportunities to learn: and (d) ssstenis delivery standards to deternune the e\tent to which states and localities provide 
sehools with adetjuatc resources. 

On Januars 24. 1 W. the National Council on luhication Standards antlTestin};. chaired In CioNcrnors Carroll A. Campbell. Jr.. and Hoy 
Uomer and eomprisinji M indi\ idiials representiui; the .\dministrati<in. the ( lon^ress. and education associations, presented advice on the 
desirabiliis and feasihilits of national standards and recommended lonii-tenn policies and mechanisms for de\ elopini; \<)luntar\ edueati<in 
standards for states and localities. 
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I^xpcctiirions for improN cmcnts in the [)crf()rnvancc ofsriiclcnrs can he emphasized only if 
achiex enienr can be reliably measured. Today, we need greater confidence in assessp.ienr 
mechanisms and more iindcrsrandin<i;of how assessments relate to actual learnin.i!;. V'ithoiit such 
improx oments, many in the education community feel it w ill be diffictdt to reorder thvr educational 
system on the basis of performance. In the absence of \ alid tests and standards that reflect the 
rclati\ e performance and pro<i;ress of indix idual schools and students, we cannot expect to see the 
drastic chan<i;es and impro\ ements that arc necessary. 

As assessment mechanisms arc bein^ improN ed, a complementary effort is needed in the area of 
curricidar reform. Much ^ood work is hein^ done in this area, l)ut implementation of the results in 
schools will not be easy Project 2061 is one examj')le that illustrates both these points, '.is are the 
proposals sul)mitted for funding under the Misenhow er state ctu'ricultim frameworks co.npetition. 
Moreox er. testin.u; standards must be coordinated with the major curriculum de\'elopmcnt [')rojects 
tuuierway. 

The emphasis on performance implicit in the national standards and a new system of assessments 
constitute one of the most important educational reforms needed to meet those <i;oals. This focus on 
performance rather than process must be acceleratetl and become per\asi\'e throut^hout American 
ciemcntary and secondary education. 

Encouraging Institutional Reforms 

A consensus has emer<i;eti that achie\ in<i; tiic National lulucation CJoals will reqtiire fundamental 
rcstrticturin<i; of basic education in America and the i i\ ()l\ emcnt of indi\ idiials and resources tiiat 
typically are beyond the l)oundarics of traditional school settin<i;s.** Prc)\ idin.u; schools with access to 
resources a\ ailal')le from ad\ anced telecommunications networks is one important aspect in the 
redcsi<i;n of schools in the decades ahead. Incremental im[)ro\'ements to school [)ro(j!;rams may be 
achie\ ed by further incremental chan<i;es, but the ma<i;nitiide of im[)ro\ ement needed to meet the 
<i;oals calls for massi\ e chan<i;e in the educational system. 

Kffecti\ e reform recjuires a reduction in t"op-hea\y adminisrrati\ c structures and increased reliance 
on school-based mana<i;ement that em[)owers principals and their teachers. I lowe\ cr, ti;o\ ern mental 
authorities will relincjuish control to teams of teachers and principals at indi\ idual schools onl\ if 
eciuity and accountability can l)e assured, which attain raises the importance of educational 
assessments based on the same set of standards for all students. 

rntlerlyin*; the needed rcfomis of basic education is the reco<;nition that the school is only one of 
many critical influences in a child's tle\ elopment. Only by shifting our focus from our institutions to 
our children can we truly address the challcn.i^es to our society. This strate<;y is particularly rele\ ant 
for the retention of students at risk of droppin*; out, who may recjuire strategies be.u;innin<!; with 
prenatal and child care e\ en before formal school be<!;ins. If we are to strcn<!;then our nation's work 
force and build better citi/ens, we must shape society *s institutions to our children and not \ ice \ ersa. 



The .\\U''KI(!A iOOO srratcKV ciKoura;;cs die dcsi.un and dcxclopnicnt of a new Kt-'"t-'ri^ii<'n o\'c\\ :ri mental sdiools. schools chat 
incorp<iracc w idcr aminiunicN support and expert resources and ser\ ices from other sectors. 
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Promoting Choice and Diversity 



A ruiulaiiKMital chaii.u;c that w ill he rc(|uircd for the restructuring of hasic education is the 
introduction of parental choice in the selection of schools appropriate for each child. Ohoice has 
many dimensions, ran^ini!; from permitting some children to choose ''magnet" and "charter" schools 
within the public system to distrihutin*!; government vouchers for children rr» nay for educational 
expenses at any school, public or private. Whatever system is adopted, it is -mportant to juovide 
some measure of academic cjuality to ser\ e as a basis for choice. Widespread imi)lenientaiion of 
national standards and a system of assessments l>y school systems and indi\ idual schools will pu)\ ide 
a firmer base for use by parents and students in the educational marketplace. Inxolvin^ parents in 
education has ,i!;reat \ ahie, and .Uiis ing parents some elenient of choice is often the l)ei!;innint!; of a 
deeper parental involvement, 

FOCUSING ON THE QUALITY OF THE TEACHING FACULTIES 

A promising!; stratei!;y in the reform of basic education is rew ardini^ exceptional teachers. 
Implemeiuacion often founders on the difficulty of assessini^ the (|ualit\- of a teacher, hut improx ed 
assessments of teacher performance, alon^j; with other means of e\ ahiation, includini; peer review, 
j^rox ide important opportunities for impro\ ini^ the (juality of the teachin.u; force. 

Such efforts are especially important in science and technology. I'nless teachers at all levels of 
education understand and appreciate science and technoloi^y, sii!;nifieant improN cment xvill be 
difficult. Impro\ ed teacher trainini^ proi^ranis to streiii^tben the content of science and mathematics 
and the (juality of teach in are essential elements for aehie\in£^ the National l%ducati()n (joals. 

Enhancing mathematics and Science Learning for All Students 

Progress toward the £!;oal to make r,S, students first in the world in science and mathematics x\ill 
recjuire a shift in priorities at all levels of education and a concentration of limited resources to ensure 
that all students are challenged to their full potential. The objectiv es that must be addressed 
include: streni!;thenin^ the early foundations for mathematics and science learning at the elementary 
and middle school years; improN ini!; the substantix'c and technical kn()wled.u;e of teachers: and 
expandin,[>; the pool of underiz;raduate and graduate students in science and eni^ineerini!;. especially to 
include a i^reater proportion of women and minorities. Such objectix es should ^uidc our policy and 
resource allocation decisions for the next sexeral years. No school, school district, or state should 
claim to be effectix e, or in compliance xvith the America 2()()() strategy unless it bar. included more 
rigorous standards for its students and teachers. 

(Changes and improxements in our educational assessment mechanisms, nexv institutional structures, 
the expansion of alternati\ e programs, more enriched curricular offerings, and more highly-trained 
classroom teachers are among the critical re(iuisites to basic improvements in the x\ ay mathematics 
and science are taught and learned in our schools. Measurable improxements in the performance of 



24 



LEARNING TO MEET THE SCIENCE AND TECHNOLOGY CHALLENGE 



our sriidcius in the areas of niatliematics and scienee edueation will depend on the implementation 
ofsex eral of these systemic improx eiiients. l'*ar too many of our students compare unfaxorably on 
standardized tests witli their American c()iinter[xirts in schools in the late 197()s and with their 
counterparts in other nations at tiiis time. Today, unfortunately, most elementary school students 
jccxMx e only a rudimentary exposure to mathematics and science, and test scores reveal the dismal 
performance of too many of our students. On average, hi^h school students take only one or two 
years of science. And, at the college lex cl, a lar^e number of liberal arts graduates receive their 
deii;rces without any significant study in mathematics or science. 

CREATING ENVIRONMENTS FOR THE ACADEMICALLY TALENTED 

As a nation w e are stjuanderinii; our most precious resources — the xoun^ and promising students 
who are enrolled in our schools. In our efforts to prox ide an adecjuate education for all students, we 
ha\ e failed to prox ide vii];orous and challen^ini^ opportunities for our most outstanding talent. Too 
many schools, teachers, and communities ha\ e been willing to accept minimum standards and a le\ el 
of mediocrity that is a disscr\ ice not only to the brightest and most ^2;ifted suideius, but to all 
students and tlieir families, if nor the nation as a w hole. All students dcserx e an educational prt/^ram 
that challcn^2;es them to achieve the hii!;hest levels possible, 

Increasin.u the number and percentaj^e of younj^ students who demonstrate tiic ability to reason, 
soh e [uoblems, apply kncnvledge, and communicate effectix ely will increase substantially the 
potential number of indix iduals who may choose to enter scientific antJ technical careers, A recent 
Technical Memorandum prepared by the Office of Tcchnolo^^y Assessment points out; "Whether 
students respond to a professional calling or hear the call of the marketplace, they are lured to some 
careers and away from others — and schools are agents of this allure." 

Nurturing scientific careers re(|uires persistent effort. According to a report of the National Academy 
of Sciences, c\ cry educational and dex elopmental stage is a potential point of interx ention, and a 
comprehensixe approach to nurturing science and engineering talent must address the xvhole 
pipeline. Special and informal educational programs, beginning at the elementary school lex els, 
should be ax ailable to challenge and motix ate students to consider and enter scientific careers. 

Students xvith exceptional talents and interest in mathematics and seieiiees should be identified and 
encouraged to continue to register for adx anced coursexvork and to locate programs and serx iees that 
relate to their uniciuc intellectual and x oeational interests. Schools and the communities they serx e 
should recogni/e their exceptionally talented students as x aluable resources, rather than as social 
deviants or as individuals xvhocan be accommodated only in special schools for gifted and talented. 
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The Role of the Federal Government 



'llu\f:(l(ral g(yv<rnnH'nt h<is had both dimt and iiu/inrf effects on the ednaihon of scientists and eni^inecrs, hnt it 
is oidy one of the many actors in the system, 7 he federal role in science and enijjncerim^ education is most 
signijicant at thciiradnatc IcvcL more diffnse at the nndei)i^raduate IcvcL and small in elementary and secondary 
education. 

luhicatin^i; Scientists and l%ni!;inccrs 
Office of 'rcchn()l().u;\' Assessment, 1 

The federal ;;()\ernnient cannot mandate reform in the cleeentraH/ed sxstem of Ixisic ecUication in 
America. Norslioiild the federal ^);()\ ernmcnt he expected to improve tlic iKTformance of our 
schools, c()lle<i;es, and universities in the alisence of a public committed to educational excellence. 
Nonetheless, the role of the federal gov ernment at this time in our history may he pivotal and cannot 
he ijL!;nored, 

Ahh()u,u;h the federal .j4overn men t is a junior ixirincr in the supj^ort of education, its r(»le in i^iiidini^ 
the current \\a\*e of reform is critical. It has the capacity to fat'ilitate, and wliere appropj'iatc finance, 
the reform initiatives cited aho\ e. With limited discretionary resources for research, de\ elopmcnt, 
and demonstrations, the federal .i^oN crnment can play a major role as a chant;c ai^ent. V inaucial 
incenti\es and ''recofi;nition awards" also pro\ ide appropriate le\crafi;infi; to accelerate the reform 
process, in [xiriicu!;ir, ue helicNc that the f{)ll()\viu^ federal actions warrant serious consideration: 

" I'hc federal i:;o\ ernmciu can pro\ ide incentives to states or re;;ions pursuing, any of tlie reforms 
described in the [devious section, siiiijcct to constraints desii:;ned to ensure ecpiity and e(|iial 
opportunity. l''or example, federal i'unds mi(!;ht be used to facilitate choice for neeely students, 
therein- providing an inducement to states or districts (iffering ciioice programs. Similarly, a national 
com[)etition might be established to recogni/e and reward exemplary programs for restructuring 
education, just as the Malcolm Haldrigc National Ouality Award has recognized quality 
improxements in industry. 

■ The federal government can make a concerted, national efr')ri to facilitate and coordinate state 
and local [programs, lioth pulilic and private, to deal with the school dropout problem. .Successful 
droji out prex ention programs could he recogiu/ed by the IM'esident and rewarded for their 
aehie\ ement. 

" The federal go\ ernment can encourage pri\ ate corporations, uni\ersities, and national laboratories 
to work cooperatively with local schools, building on the many excellent initiatixes already under 
wa\'. 

■ In the areas of mathematics and science, the federal go\ ernment can encourage effectiv e 
programs to engage talented girls and minority students in science and mathematics, where they arc 
now under represented. 
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■ The federal .iziovernmcnt am invest in teacher education pr(\iz;rams in science and mathematics and 
usL tnriz;i\able loans and other inducements to attract to teaching: youn/i; people with degrees in 
science, mathematics, and engineering. 

■ The federal goN crnment can support programs using modern communications technologies, 
including satellite, fiberoptic, and wireless technologies, to expand access of both students and 
teaches to the most highly (jualifled teachers of science and mathematics. 

The President's Role 

Responsibility for our system of basic education in America rests fimdamcntally on the general 
population, w ho shape the learning environments of their children, elect their school boards and 
other influential politicians, and demonstrate their priorities by their behavior toward teachers and 
schools. 

Our nation's leaders influence the attitudes and values of the electorate. The President, in 
particular, has a personal role that reaches beyond his authority as our nation's chief exccuti\ e officer, 
in ch(H)sing his own priorities as a leader, he sets a standard for all to heed. 

The IVesident, in partnership with the CJovernors, has placed a great challenge squarely on the 
national agenda. Now all of the resources of leadership must be applied to meeting that challenge, 
federal budget priorities must be set, the activities of the federal agencies must be guided, and the 
President's pcrs{)nal commitment to education must continue to be demonstrated. With timely 
acti(tns, and w ith a continuing and unremitting campaign of words and deeds, the President can 
secure his place in the history {)f American education. 
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CHAPTER III. 



NuTURiNG Special Aptitudes: Developing 
Superb Scientists and Engineers 



Excellence and Equity in Science and Engineering Education 



duration in science, mathematics, engineering, and technology must reflect the twin goals of 



L^exccllence and eciiiity. While concerns for excellence and equity in education have a long 
histor>- in America, their practical meaning and implementation depend on the socieral situation in 
which they are to he interpreted. At different times, the national agenda appears to ha\'e given a 
greater emphasis to one of these goals over the other, to the ultimate detriment of both. We must 
recommit ourselves to the integrated combination of these essential goals: excellence and equity. 

In 1983, the National Commission on Kxcellence in Kducation reported as follows: 

The twin goals of ecjuity and high (juality schooling ha\ e profound and practical 
meaning for our economy and society, and we cannot permit one to yield to the other 
either in principle or in practice, lb do so would deny young people their chance to 
learn and live according to their aspirations and abilities. It would also lead to a 
generali/ed accommodation to mediocrity in our society on the one hand or the 
creation of an undemocratic elitism on the other. 

In the decade since the C>ommission powerfully reminded us that we are a "nation at risk," there has 
been real progress in improving performance at the lower levels of the distribution of academic 
performers in our society, but there has been an apparent decline among our best students. We must 
continue in the 1 WOs toward (.ur objecti\ e of equity, but we must also aggressively advance the goal 
of excellence. 

The \ ational Kducation (joals and the America 2()()() Strateg\' clearlv encompass this perspectix e of 
both excellence and e(|uity in education. Just as the utilitarian and altruistic aims of education have 
become intertwined, so ha\e the twin goals of excellence and ccjuity. High performance must set the 
pace in our society so that all can take pride in our national achie\ ements and aspire to earn the 
rewards that accompany those achic\ ements. In this chapter, a perspective is developed for a new 
fusion of excellence and equit\ in education. 

Student Performance in Mathematics and Science 

Although real progress is reported in some areas, performance in mathematics and science among 
r.S. students in comparison to their counterparts abroad is still ver\' disappointing. Recent nanonal 
surveys indicate that nearly all our students have an understanding of basic mathematics and science 
information and ha\ e mastered basic facts and skills. Standardized tests also show that most of our 
students can demonstrate a basic understanding of mathematics and science. However, more than 
25 percent of our 13-ycar-olds fail to demonstrate an adecpiate understanding of the content and 
procedures emphasized in elementary school mathematics, and relatix ely few students are able to 
apply knowledge, analyze data, or integrate information, as judged by international standards. 
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Students have difficulty in applyini!; mathematics and science information to the solution of 
problems. ^Science Report Cards" prepared over the last sex eral years from the results of the 
National Assessment of Educational Proi!;ress document the i!;eneral inadecjuacy of performance of 
r.S. students, despite the improvements noted in certain measures of perfornumce. Over a period of 
two decades, the axcrai^c mathematics and science performance of our elementary school students 
has shown overall improvement. But the average performance of our 17-year-()lds on mathematics 
and science examinations has actually declined ox er this same period. Something; is wroni!;, and the 
c()nse(iuences to our society w ill be very serious. 

There have been a number of internatiop 'l studies comparini^ American students with students from 
other countries. These studies consistently indicate the low rehitive performance of I \S. students in 
mathematics and science. K\ en the best students in the I *nited States tio less well when compared 
with the best students in other developed countries. On one recent study, both the top 1 percent 
and the top 10 percent of 9- and l.vyear-old T.S. students scored near the bottom in mathematics 
and science, when compared with similar cohorts in twenty other countries. In a previous study, I \S. 
students in advanced placement courses in their final \ ear of hi.^h school scored near the bottom in 
chemistry, bioloi^y, and physics when compared with 1.^ other countries. Another study found thai in 
mathematics our best students performed only as well as the a\ era.^e students in Japan. 

Factors Related to performance 

Ourriculum and teachini!; are both associated with the poor performance data. Reports confirm the 
fact that teachers spend an inordinate amount of time on rote drill and practice and on the 
memorization of facts and insufficient time on problem-sob int^; and rcasoninij; exercises. There is 
e\'idence that existinii; testing; prot!;rams and accountability requirements are expressed in a school 
curriculum that dri\ cs teachini^ in this direction. An emphasis on minimal requirements also 
contributes to the shortfall in reasonini^ and analytic skills by failin.u; to motivate students to enroll in 
challenj^ini; and advanced courses of instruction, especially in mathematics and science. \\ hen 
science and mathematics are tauii;ht with an emphasis on memorization and rote drill, students 
become bored and "turned off." The declines in interest in science and the loss to society cannot be 
measured solely by comparati\ e test scores. 

If students are taui^ht well, they usually also benefit by beinii; taui^ht more. The more such students 
are taui!;ht. the more they learn and the better they do on performance measures, \notber 
contributinii; factor has to do with the maintenance of low standards and limired expectations, 'i'here 
is evidence that many experienced hi.di school teachers have <j(\\ cn up on pushini!; harder for student 
performance and that many parents do not support teachers who demand hard work. Se\eral reports 
ha\ e indicated that secondary education, particularly the last two \ears, has become substantially less 
dcmandini^ than in previous years. Today s students may be recei\ in<!; mixed messai!;es about the 
values and benefits associated with the mastery of core disciplines and a solid education. 

Vet existing multiple choice tests enable most school districts and states to report their students to be 
"abo\ e a\ era.u;c." Low expectations and a teachini!; emphasis to assure the attainment of minimum 
competency levels have impaired our ability to provide a lari^e number of our students with the 
master\- of hii!;her-order skills associated with the stud>- of mathematics and science. 
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Parciual inxolvcmciit in the education of students is another significant factor in explaining student 
achie\*ement. In all nations sur\ eyed, parental imoK'cment and support for intellectual 
dex'clopment ha\ e an important and positix e impact on the success of children in mathematics and 
science learning in schools, regardless of the family's social or econcMnic status. Mathematics and 
science achie\ ement is also positi\ ely correlated with other family-support characteristics, such as 
the nimiber of books in the home and time spent visiting nuiseimis and libraries. 

Tapping a Reserve Talent Pool: Women and Minorities 

(Changing demographics affect the talent pool for future scientists and engineers, b'irst, there is an 
ongf)ing decline in the proportion of students of traditional college age in the total population. 'I'he 
r.S. (Census Bureau reports that between l^i<S() and 2000, the hS-to 24-year-olds in the I'.S. 
population will decline by 19 percent, while the ox erall population will increase by 18 percent. 
Thus, the si/e of the pool from which new entrants into the workforce are drawn is decreasing, with 
no e\ident decrease in the demand. Second, groups traditionally imder- re presented in science are 
growing disproportionately; by 2010, one in every three IH-year-olds will be Black or Hispanic, 
compared to one in fi\ e in 19S5. Moreover, "persistence'' in the study of mathematics and science 
with reference to gender and ethnicity is disappointing. 

In the decade from 19(S1 ro the total nimiber of doctoral degrees in all fields earned by 1'. S. 
citi/ens experienced, first, a decline (dropping 8 percent by 1987 from a total of about 25,000 in 1981 ) 
and then a reco\ ery to within 1 percent of its initial le\ el. During this decade, however, there was a 
significant gender shift; women recei\ ed ^r^ percent of the doctorates in 1981 and 44 percent in 1991 . 
The fraction of doctorates earned by Asian-Americans grew steadily in this decade, from 1.9 percent 
in 1981 to 3.1 percent in 1991. Similar net growth was experienced by Ilispanic-Americans (from 1.9 
percent to 2.V percent) and by Nati\ e Americans (from 0..^ percent to 0.5 percent), with less 
consistent gro\ th patterns. 

When comparing i^*91 doctorates to 1981 doctorates in all fields by gender and the indicated race or 
ethnic di \ isions, all groups grew larger except white men and black men. When these data are 
broken down by academic discipline, a partem of growth since 1985 emerges for engineering, 
physical sciences, and life sciences for all racial and ethnic groups, although some populations remain 
persistentU- small as is illustrated by the following Tables 1, 2, and 5. 



Table 1 

Engineering Doctorates: U.S. Citizens 



Racial/Ethnic Group 


1985 


1987 


1989 


1991 


American Indian 


1 


7 


7 


6 


Asian 


90 


135 


172 


185 


Black 


19 


12 


23 


43 


Hispanic 


16 


24 


33 


48 


White 


1,094 


1,327 


1,574 


1,659 
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Table 2 










Physica! Science Doctorates: U.S« Citizens 








Racial/Ethnic Group 


1985 


1987 


1989 


1991 


American Indian 


4 


10 


18 


14 


Asian 


100 


104 


117 


143 


Black 


30 


29 


35 


40 


Hispanic 


" 42 


64 


70 


80 


White 


2,766 


2,788 


2,896 


3,107 
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Life Sciences Doctorates: U.S. Citizens 








Racial/Ethnic Group 


1985 


1987 


1989 


1991 


American Indian 


18 


16 


12 


19 


Asian 


128 


' '145 ■ 


138 


186 


Black 


"70 


78 


75 


85 


Hispanic 


75 


77 


83 


97 


White 


4,046 


3,816 


' 4,116 


4,174 



Source for Tables 1, 2, & 3: National Science Foundation, as reported by the 

Council of Graduate Schools, May 1992. 



Women now receiv e more than one-third of all doctoral decrees in the Tnited States. I lowex er, in 
the sciences, the number of w omen graduates is far less than representati\ e. In U^K), women 
constituted less than 24 percent of the chemistry doctorates, less than 14 percent of the computer 
science doctorates, less than 1 1 percent of the physics and astronomy doctorates, and approximately 
<S percent of the en.^ineering doctorates. 

In terms of career patterns, the chani^ing role of women has resulted in positiv e de\'elopments for the 
science and engineering communities. Women now constitute more than one-half of the total 
undergraduate population and more women's career interests are mo\ ing away from the more 
traditional female occupations and toward business, medicine, and science. The percentage of 
females interested in engineering has sreadily increased, but the overall number continuing in 
engineering remains noticeably small. 

Thus, the appeal for greater participation of women and minorities in science is not merely altruistic, 
but pro\ ides a key toward addressing the concern for maintaining an adecjuate talent pool. (Heady, 
the reservoir of human talent from which scientists and engineers ha\ e been drawn traditionally will 
ha\ c to expand and include a larger proportion of women and minorities. 
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Special Challenges for High Performance 



Along with generally low standards and expectations for all^students, there is evidence of failure to 
offer needed challenges for high performance. While nearlN<; every '•^tate has mandated special 
serx ices for *'gifted and talented" students, implementation of successful programs is (juite feeble. 
'I'he nation spends only about two cents of ex ery education dollar on special programs for "talented 
students." The most successful initiatixes seem to involve specialized schools that serxe onlv a fexv 
talented youngsters. A large proportion of this nation's outstanding talent remains substantially 
underdeveloped. Many of our schools make x ery little effort in identifying students x\ ith special 
aptitudes, talents, and interests in mathematics and science. Other schools devote a significant effort 
to identifying young students xvho are talented, but fail to provide them xvith advanced curricular 
offerings and experiences that xvould challenge their intellectual curiosities. The lack of interest and 
commitment on the part of many schools is particularly disturbing in the light of the aforementioned 
performance data that shoxv America s best students performing less xvell than their counterparts in 
other nations. 

The role of the family appears to be especially important in relation to high academic performance. 
Strong and early family support of talents is common for students x\ ho exhibit high performance. 
Parents of these students tend ro stress academic achiex ement, hard xvork, and the full dex elopment 
of talents. It has been argued that the conx erse also holds. In families xvhere there is a lack of 
interest in and support for intellectual dex'clopment or xvhere parents cannot provide the resources, 
interest, or encouragement, outstanding talent xvill too often remain substantially undeveloped. 
Kxperience tells us that poxerty and deprixation have a particularly negative impact on achievement. 

At all lex els of gox crnmcnt, policies and priorities guiding the development of our best and brightest ■ 
students hax e xvaxcd and xvaned, and the price of this nation s vacillating interest is reflected in 
recent international assessment surveys. The dilemma faced by school officials expected to provide 
an ec]ual educational opportunity to all students xvhilc offering special and accelerated curricular 
experiences for a more limited number of exceptionally talented students is yet to be resolved. A 
key to the resolution of this conflict is the reali/.ation that a large fraction of the undeveloped talent 
resides in the x ery same student population that suffers from inec|uitable opportunities: females and 
minorities. Hxceptionally talented xvhite males are more likely to be supported in ex erv xxav than 
equally talcnt^:d females, racial minorities, or economically disadxantaged students. There should be 
programs specially designed to seek out and nurture talent among all students. 

If there is an audible crisis in the education of the majority of our students, there is a (piiet crisis in 
the education of our most gifted and promising students. Parents of the brightest children of all races 
and socioeconomic levels are increasingly anxious about the education their children receix e. Most 
sch(jols just do not prox ide the best possible education to our most promising students, particularly in 
science, mathematics, and pre-engineering education. Prior to the more advanced Icx els of 
education, a significantly large number of exceptionally talented students are getting side-tracked or 
turned off to scientific and technical education. Many of these students are female and manv are 
students of color. 

The way to identify talent is to provide enriching science and mathematics learning experiences to 
all children early in their educational careers. Classrooms must be fill'^d xxith livelx and challenging 
experiences that engage students. Then, from obserx ing students in these settings, those that have 
special interests and talents will emerge. This is especially important for students xvho do not hax e 
access to enriching educational experiences in their homes. Through this process, not onK students 
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who arc efficient learners and have a record of accomphshment can be found, but also those who 
*^takc" to hii^h-level opportunities and want to delve deeper into the subjects presented. Special, 
high-level learnini^ opportunities can then be offered to students with the interest and demonstrated 
ability. This melds the interest in prox idini!; rich opportunities to nian\- students w ith the interest in 
dex elopin.s; exceptional talent. 

Many researchers at>;ree that exceptional talents can be developed amon*!; students who may not 
perform well on standardized tests. Traditional performance criteria and screening; processes for 
determinin*!; who w ill participate in ad\ anced learning opportunities in mathematics and science may 
not be sufficient, and new strateo;ies may be recjuired. Recent experience with student competitions 
cmployin.^a basic arithmetic operations game called 7b:r///y'FourC//r///r//<(r illustrates the 
phenomenon: in this case, the game seems to rex eal special skills that may otherwise remain 
undiscoxered. 

Positives; Developments 

Despite the rex elations that lari^e numbers of students in the I nited States are [K^rforminii; at lex els 
far below the expectations implicit in the National Kducation doals, and below their counterparts in 
other nations, sex eral positix e dex elopments ciin be cited. State policy reforms ha\ e increased the 
amount of time students spend in the core academic disciplines, and improx ed student learninf!; of 
basic content knoxxled.^e is ex identv 

The (Council of (^hief State School Officers reports the folloxvin.u; dex elopments: 

■ l^Vom 1^>^S() to ]^)>^7. 43 states increased mathematics course rccjuircments for t^iradiiation and 40 
states increased science rc(juirements. 

■ The perccntai!;e of students takinij; Ali^ebra 1 increased from 65 percent in 1982 to (SI percent in 
1 WO: takini^; Al*!;ebra 2 xvent from 35 percent to 49 percent. 

■ Students taking Biol(),<!;y went from 75 percent in 1982 to 95 percent in 1990: takin.i^; (Chemistry 
went from 31 percent to 45 percent: takini^; IMiysics went from 14 percent to 20 percent. 

■ The i^ap in achiex ement l)etx\ een Kuropean-Americim and African-American students has 
declined since 1982. Mathematics scores for the latter increased for all a.u;es tested. 

■ 'Hicre is a stroni^ positix e relationship between the amount of coursework and achiexement 
scores. 

Nearly all the states have raised h\iih school sj;raduation recjuiremcnts, and student enrollment in 
mathematics and science courses is up. States and accrcditin.u; bodies are also strenjii^thenini^ 
re(|uirements for teachin.u; mathematics in schools. 

\ 
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Undergraduate Education in rviATHEMATics, Science, 

AND engineering 



A surprisin.<z;ly high pcrccnta.e;c of junior h\js,h school students express a preference for a career in 
science or en<^ineerin.ii;, a percenta.c;e that unfortunately declines precipitously as they mo\'e to upper 
le\ el classes. 1 lo\ve\cr, interest in mathematics and science remains relatively high through the 
twelfth grade for the better students. 

Among the \'ery best high school students, interest in majoring in mathematics and science, and in 
the possible pursuit of scientific careers, remains particulady high. Of high school seniors who scored 
above the ^Hhh percentile on the SAT (|uantitative examination in 1 WO, about 46 percent indicated 
an intention to major in science or engineering in college, {engineering was the field selected by the 
largest proportion Cif such top-scoring students, regardless of gender. ()\eraH, American high schools 
have not done all that badly in dcx cloping a sufficiently large cadre of students of high cjuality who 
choose upon graduation to continue to meet the demands of rigorous science coursework. 

Throughout undergraduate ctlucation, howe\ er, student interest in science and engineering 
continues to decline. A high proportion of wcll-(iualified science, mathematics, and engineering 
undergraduate students ^\lrop out" or change majors prior to graduation. The National Science 
h'oundation reports an attrition rate of 60 percent for entering science, mathematics, and engineering 
majors. In one sur\ ey, 85 percent of the students who shifted out of the science, mathematics, and 
engineering majors said they were disappointed in entry-le\ el courses: 65 percent of students 
remaining in their major said that their entry-le\ el courses had seriously discouraged them. 

Moreover, majors in these fields show little interest in graduate study, in 1 WO, more than 60 percent 
of the full-time college freshmen indicated aspirations for graduate study, but only 1 .4 percent 
reported an interest in pursuing graduate careers in scientific research. Less than a third of 
baccalaureate science and engineering graduates enter full-time graduate study. Nearly one-half of 
the science and engineering doctoral candidates ne\ er earn PhDs. With little initial interest and poor 
persistence, graduate students in science and engineering show little prospect of meeting the needs 
of an increasingly demanding society. 

Interest in a business major, which reached its peak of nearly 25 percent of college freshmen in ^^87, 
is now in a period of steep decline, down to a little over 1(S percent in 1 WO. Likewise, interest in 
science and engineering careers, and in some technical fields, has continued to drop steadily o\ er the 
past few years. Student interest in engineering and computer science, which reached its highest 
le\ el in 19(S;\ has declined sharply. A 1 Wl American Council on l%ducation and LCLA survey 
reports the following: 

While interest in majoring in biological and physical sciences has declined somewhat, 
interest in mathematics and statistics has experienced the largest relatix e decline, 
dropping from 4.5 percent in 1966 to a mere 0.7 percent in 1 WO. The recent <S5 
percent decline in the number of freshmen interested in math and statistics is (juiie 
alarming. 
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Overall interest in majorinc; in ent^iiieerin^ is dossn one-quarter since V)^Z. Interest in computer 
science amon^ college freshman has fallen by more than two-thirds in four years, and interest in 
science and enii;ineerin^ amon^ women and minorities, after increasing in the 197()s, has plateaued 
and in some cases is droppin^ii;. Data for IWl and 1 W2 are incomplete, but anecdotal reports suggest 
that recovery in undergraduate engineering enrollments may be beginning, after almost ten years ot 
decline. 

GRADUATE EDUCATION IN MATHEMATICS, SCIENCE, AND ENGINEERING 

l-'or each year ox er the past two decades, universities in the I 'nited States ha\ e graduated more 
than 30 thousand doctoral students. These students are drawn from the best undergraduate colleges 
throughout the nation and abroad. I'.S. graduate programs are recognized as the best in the world. 
The numbers and (juality of foreign students who flock to our graduate schools prox ide important 
measures of excellence. More than 20 percent of our doctoral graduates arc foreign students, i.e., 
non-l '..S. citizens who are here on temporary visas. In engineering, foreign students now represent 
more than half of the doctoral graduates at T.S. universities, and the percentages in mathematics and 
the physical sciences are becoming comparable to those in engineering. While these statistics testify 
to the (|ualit\- of our graduate programs in the international community, they raise serious ciuestions 
about r,S. students. 



RESPONSES AND RECOMMENDATIONS TO MEET THE SCIENCE AND 
ENGINEERING CHALLENGE 

In (Chapter 11, "Strategies P'or MeetingThe National Education CJoals'" were presented. The 
responses and recommendations prox ided here are grouped in accord with those strategies. 

(1) Building support and consensus for achieving the National Hducation Goals. 

In building support and consensus for achieving the National Hducation Cioals, it must be 
understood that the national goals encompass both excellence and ecjuity in education and that these 
twin aspirations are intertwined. Among other things, this means that the consensus sought must be 
supportiv e of efforts to develop the talents of the young, respect effort, and reward merit. 

To provide leadership in de\ eloping this consensus, it is recommended that a Presidents Science 
and Technology Award be established for high school students. This prestigious award might be 
presented at high school graduations. (Jeneral criteria should be established, including the 
dex elopment of scientific knowledge or products that contribute to improvement of local 
communities (e.g., enx ironmcnt, health, manufacturing improx ements). A "national yearbook" 
would be published listing winners and highlighting the names of a limited number of outstanding 
winners, with schools and teachers identified. 

Schools, teachers, and students rarely have direct contacts with professional and practicing scientists 
and engineers. There are, however, many outstanding and dedicated scientists employed by public 
and private agencies who devote c(jnsideral')le time to schools and school-age children. To address 
this situation, it is recommended that a President s Science Education Service .\ward be designed to 
recogni/e highly-(iualified scientists and engineers who have made, or are making, substantial 
contributions to precollege science, mathematics, or engineering education. States and national 
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associaiioiis would make nominations. Animal awards would be sent to contributinji; scientists, and a 
limited number of biennial awards would be bestowed on a few indix iduals, bigbliiz;hcini^ 
contributions of minorities and female scientists in tbc process. 

(2) Setting National Itducalion Standards. 

Tbe emeru;ing National Kducation Standards must project a perspective on talent, effort, and merit. 
'I'liis is especially important if National Standards are to avoid beinji; minimal standards, a 
phenomenon that is correlated with the current deficiencies of our education system. One way of 
doiiiJi; this is to make our hiii;li performinj; students tbe visible pace-setters for the standards in dieir 
schools. 

Additionally, the National Council of Teachers of Mathematics (NCTM) has dexeloped curriculum 
standards in fix e topical strands of mathematics. NCIWI emphasizes that the standards are intended 
for all students. Students with special interests and abilities ma\ pursue furcher work in one or more 
of the strands. This approach mi.y;ht be elaborated as a means of cxpressinjj; the abo\ e perspective on 
talent and merit in education standards. 

In considcrini!; this perspecti\ e, efforts to review standards and curricula in mathematics and science 
in other countries for their students prcparin.a; for c()lk\<2;e may be c]uite usefiil. A definition of "world 
class" standards in this country should in\()lve "benchmarkini^" throui^b comparison with the 
expectations of the other countries. This would pr()\ ide a base from which to dcN clop curriculum 
and peda.<!;oiz;\- that combines the best of what we know about teachini^ and learning with the 
meaningful content de\ eloped throui^h the standards. America s talented students should be as well 
prepared as talented students anywhere in the world. 

(3) Developing a national system of assessment for students. 

The New Standards Project (referred to in C'haptcr II) is endeavorini!; to couple the de\ elopment of 
national standards in several subject areas with a national performance- based examination system. 
Several elements of that effort are cjuite relevant to issues involving; students with special abilities. 
For example, the project subscribes to the \ iew, su,u;i!;ested above, that a nanonal examination system 
should refiect international standards of performance. .Additionally, the idea is promoted thatone\ 
own effort to learn is important for achic\ emcnt in mathematics and science, and not merelv native 
talent o. family backi^round. This important work has been sponsored thus far principally by private 
foundations, but federal support will be re(|uired to rcali/.e the full potential of this initiative, which 
currently is limited to mathematics, readiui!;. and writin,t:; assessments at three levels. 

(4) Program responses. 

l)e\ eloping a wide \aricty of responses to the challeni!;e of educatin,u; .\merican children includes 
developin^r school pro^rrams and instructional models that are not only minimal or adecjuate for tbe 
broad middle i^roup of students, but also appropriate for those w ith special abilities and interests. 
There are a number of ideas for such proi^rams in the literature. Additionally, creatinii; enx ironments 
for the academically talented by identifyini; a dix erse pool of the best and bri,£;htest students, and bv 
nurturin.i:; scientific careers, must be amonu; the efforts that arise arnon^^ this wide \ ariety of 
responses. 
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'I'hc overall effort to modern i/c and rcstriieturc elementary and secondary sehoois is a slow and 
cxcrueiatinii; proeess; yet reports hy the j^ox ernors indicate positix e dexelopments are well underway. 
'I'housands of loeal communities are demonstrating responsible actions in preparing their students 
for performing at world class standards. A decade of national surveys and reports has contributed to 
the public demand for the creation of a new generation of schools, schools that re(|uire higher 
academic standards for all students. While the process of changing and improving schools is 
painstakingly slow, signs of progress are encouraging. 'Hiese initiatives are properly at the state and 
local Icx els, to be eneou«*aged but not mandated by the federal gox ernment. 

When schools raise standards for all students, they should also be expected to increase the 
opportunities for all students to learn. A more diverse population of students suggests more diverse 
learning styles and interests. Local communities must be encouraged to exploit resources and expert 
talent beyond the formal setting of school eam|)uses. The learning environment that characterizes 
the next iiinurahoi) of schools must extend into loeal commiuiities and to a x'ariety of resources. 
Telecommunications technologies will enable some students to undertake their own ^'electronic 
field-trips'' or examine raw data in distant locations. 

New educational partnerships inxoU ing loeal businesses, libraries, museums, colleges, and 
uni\ ersities should be institutionali/ed, unless we expect to support intermittent crash federal 
programs in subsecpient decades, luihanced and accelerated learning opportunities for our most 
outstanding students should he integrated into the ox erall educational system. Programs must be 
indi\'iduali/ed in r)rder to challenge students who demonstrate the capacity and ability to bcnellt 
from enrichment. We should be cjuick to condemn any school system that permits students to be 
under-challenged. And we should be ecpially distressed with communities that fail to prox ide schools 
and teachers with the resources to challenge motix ared and talented students. 

There are three important federal programs addressing issues of special talents for elementary, 
secondary, and undergraduate students: the Young Scholars Program of the National Science 
I^'oundation, the Jax its (Jifted and Talented hxlucation Program of the I '.S. Department of 
Education, and the Research h)xperiences for rndergraduates program of the National Science 
I'^oundation. 'I'hese programs should be rex iewed and strengthened in the light of the 
recommendations made herein. 

'i*hc central idea in nurturing talent in mathematics and science is to find xvays to alloxv students to 
do "rear' science as much as possible. 'l*hc folloxving are the kinds of actix itics that might be 
supported through use of federal resources: 

■ i^'edcral facilities, notably I)()l^ and NASA laboratories, should sponsor '^summer laboratory 
schools." Six- to cight-xveck residential programs should be ax'ailabic to students from all ox er the 
country, perhaps folloxving grades 7, 9, and 1 1. 'i'hese programs should inxolx e not only staff from 
the host laboratories but also a complement of college and unix'crsity professors and teachers from 
junior and senior high schools. Much of the cost xx'ould be borne by reallocation of laboratory dollars, 
but stipends for students, professors, and teachers xxould be a needed addition so that all participants 
essentially haxe a summer job, (Curricula xvould need to be planned by laboratorN personnel, 
professors, and school teachers operating jointly, necessitating coopc atix e planning efforts during 
the academic year preceding the summer program and further xvork to ex aluatc and refine programs 
xvhen the summer is ox er, 'lliere xxould also be a considerable task inxolx ed in planning the logistics 
of this program and hosting all participants on site. Most of these costs xvould be borne by the host 
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laboratories, but it may be advisable to cbannel stipends to partieipants tbrou^h other a^eneies, and 
perhaps to involve the Department of Kdiication and NSK in the seleetion process. An interagency 
advisory committee including representatives from DOK, NASA, NSIv, and ED may be needed to 
plan the program and define the .guidelines for implementation. 

■ Support mentorsbips and phiccnients with working scientists in settings other than federal 
laboratories. There are many examples that are very successfiiK especially with minority students 
and females. Placing W\is}^ school students in scientific communities at an impressionable a^e can 
help them he.u;in to see themselves as scientists and to understand the culture of science. The most 
successful programs have support for students and a facilitator who helps the students in ways that 
research scientists may not be able to help or support financially. 'I'hese are not available to nearly 
enoui^h students, Kxpansion of the NSb' and KI) programs is needed. 

■ Kncoura^^e collaborations through funding of institutions of higher education and elementary and 
secondary schools to prov ide opportunities for 'Miands on" experiences in science, including 
collaborations in disadx antaged areas. 

■ Prov ide funds to support summer institutes at niagnet schools or (JoN ernor s schools. There is a 
great benefit for students with intense interests and talents to be placed together in a special learning 
situation and given opportunities to study intensively in their areas of interest. This recommendation 
supports the interest expressed earlier in school choice. 

■ Supp{)rt efforts to develop high-level science materials for elementary and middle school grades. 
A recent study of science materials conducted by the T. S. Department of Kdueation rev ealed that 
most of the materials currentK used in schools do not involve higher level thinking or problem 
sol\ ing. These curricula should then be coupled with training funds for teachers in the federally 
supported programs. 

I'\)r undergraduate students, activities analogous to those on the foregoing list may be designed to 
implement the basic principle of allowing students to do "real" science as much as possible. These 
include use of federal facilities, mentorships and placements with viorking scientists, collaborations 
between predominantly undergraduate institutions and research-intensive univ ersities, summer 
institutes, and the dev elopment of high-level curriculum 'naterials. Additional ideas are developed 
in (Chapter l\' when issues of undergraduate instruction arc discussed. 

(Graduate study in most scientific fields, and increasingly in the high technology fields, is a virtual 
re(iuirement for professional practice. As indicated previously, the statistics describing graduate 
degrees awarded in these fields are extremely discouraging, particularly with reference to I '.S. 
citizens. Without reference to the problematic studies of supply and demand for specific advanced 
degrees, one might argue that the full development of society's human resources in these fields 
generates societal benefits, and thus structure incentives to such development. Perhaps the best 
strategies for the federal government in this domain revolve around graduate fellowships, 
trainee ships, and loan forgiveness programs. 



38 




LEARNiNG TO MEET THE SCIENCE AND TECHNOLOGY CHALLENGE 



23 



Chart er IV. 



Who Shall Lead the Way? 
Teachers of Science, Mathematics, 
Engineering, and Technology 

Introduction 

The commitmcncs to new standards, euineula, and assessments are important foundations upon 
whieh to rebuild American education in mathematics and science in elementary and secondary 
schools. I I()\ve\ er, their implementation will recjuirc a higher (juality teaching force in our schools. 
The preparation of elementary and secondary teachers and the maintenance of the strength of our 
undergraduate and graduate education also recjuires faculties in colleges and uni\'ersities who are 
well prepared to carry out their instructional responsibilities. This chapter identifies problems and 
issues and provides recommendations aimed at this crucial matter of teaching excellence at all levels 
of education in science, mathematics, en^^ineering, and technolot^;y. 

ELEMENTARY AND SECONDARY TEACHING: CURRENT STATUS 

There ha\ e been concerns expressed recently about the adequacy of the supply of elementary and 
secondary school teachers, especially in mathematics and science. Table 4 displays the most recent 
data a\'ailable regarding teachers prepared in mathematics or science in relation t{) the total 
population of teachers. 



Table 4 

Elementary and Secondary Teachers: 1989-1990 
(in thousands) 





Elementary 


Secondary 


Total 


Public 


1,389 


968 


2,357 


Private 


275 


102 


377 


Total 


1,664 


1,070 


2,734 


Math Specialists 


34 


142 


176 


Science Specialists 


22 


'l28 


150 


Total, Math/Science Specialists 


56 


270 


326 



Source: National Center for Education Statistics 
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One needs lo iiKjiiire w herher rhese dara represenr an adecjiiuce niiiiiber of appropriately (pialifled 
persons for ccaehinji; niacliemarics iind science and w liar rlie prospects are for the future. A recent 
analysis by the (louncil of ( lliief State School Officers ((XISSO) considered xarious aspects of these 
issues (e.^. ox erall numbers of students and teachers, attrition rate of teachers, sources of new teaeher 
hires, teac'KT (|ualitleations). The o\ erall conclusion of CK^SSO was: 

In sum, the current data on science and mathematics teachers lead to three ^encual 
tlndinjj;s: first, some indicators of teacher shortages have improx ed since the early 
lOSOs: second, teacher shoria.L^es \ ary by specialty within science and m.uhematics 
and by state; and, third, the criterion of a "(|ualified teacher" needs to be specified to 
determine shorta.L^es of science and mathematics teachers. We also know that 
sh()rta|i;es are ,L!;reater in certain school districts and schools."^ 

Another study found no teacher sh()rta<^e (although the analysis apparently did not examine supply 
by field or speeiali/.ation). 'I'his study also concluded that **tliis nation has probably nev er been in a 
better position to fill all its teaching positions with hi,L!;hly (jualified adults ca.L!;er to teaeh/' 

As su<i!;<i!;ested in the last comment, numbers of teachers alone do not fully illuminate issues of 
teaching and learning. ( iopin^ beha\ ior of schools and school systems may confuse supply issues. 
I'or example, a UANl) study ar<^ucs that a defectixe system of rationin.L!; (i.e., offerin<j!; fewer 
maUiematics and science study opportunities to students) may hide the fact of sh()rta<j!;es. 'I'lius, 
there may be problems associated with expandin,*!; the numbers of mathematics and science teachers 
to prox ide more course offerings than are presently be in,ii; offered. (Jix en that increased study of 
mathematics and science is likely to be a recjuiremenr for improv ed student performance, the 
"rationing!;" factor may be sii^nificant. i li<j!;her achie\ ement cannot be attained if not enough work in 
mathematics and science is av ailable to students. 'I'hus, we need to assure that the number of 
(|ualified teachers av ailable and on the job is commensurate with the access students need to 
adecjuate instruction for hi<!;h achicN'ement and not reduce our instructional expectations to meet 
perceiv ed low iex els of teacher supply. 

Many of the analyses re.i^ardin.ii; supply either do not address the issue of (lualifications or are not 
robust enough on this dimension to permit firm conclusions. The widespread belief that persons 
more hi,i;hly (|ualified to reach mathematics and science are less likely to be teaching or remain in 
teaching cannot be confirmed or denied by existing data. 

There is also a widespread belief that traditional pro<j;;rams for the preparation of teachers are not 
ade(|uately rij;!;()r()us, especially in mathematics and science. In particular, there is e\ idence that 
educational methodoloii;y takes precedence ov er and may e\ en displace "content.'' This is 
especially so for programs preparing teachers for the early i^rades. Such teachers are expected to 
teach all subjects, which confounds the issue of what should comprise appropriate academic 
pre(')ararion. The data in Table 4 show \ ery few specialists in mathematics or science in the 
elementarx iirades. 
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Reform of Teacher Education and Reform of the 
Conditions of Practice 



Programs lor the formation of teachers should be inspired by a \ ision of an esewplary teacher, which \^ 
a -tatus .rjhieved as a result of a si.^nificant developmental process, extending over a period of time, 
and encompassing preservice preparation and subset|uent professional practice coupled with 
continuing professional development involving formal study. Such a vision is projected by the 
Standards of the National (Council of Teachers of Mathematics. This perspective suggests concern 
w ith what teachers should know and be able to do, as well as the context and conditions within 
which they must practice their profession. Moreover, the attractiveness of teaching as a profession, 
including the conditions of practice, are significant attributes of teaching for recruitment and 
retention. W orking conditions, such as the emphasis on paperwork and nonteaching actix'itics at the 
expense of teaching time, salaries, and the rate of salary increases are all significant. 

Redesign and improvement of university programs for the preparation and continuing professional 
development of teachers are essential. But it should be noted that all current proposals, including 
those of the I lolmcs Ciroup and the (Carnegie Task Force on Teaching as a Profession address twin 
goals: to reform teacher education and to reform the teaching profession. Inclusion of the latter goal 
indicates recognition tiiat the (juality of teaching in our schools depends on several factors in addition 
to the intrinsic (juality of teacher preparation programs in our uni\ ersities. 

'leaching is not a mechanistic endcaxor nor the fixed application of a set of rules. Kffective teaching 
practice must go bey()nd reflex reactions to a teaching situation to reasoned judgments. Moreox er, 
ihc fmjfessioiial practitioner is someone xvbo has dex'cloped an axvareness of the reasons for making 
these reasoned judgments. Professionals also enjoy a degree (//noiion/y and r/isrre/ioN regarding the 
organization and content of their xxork. Autonomy and discretion are the most attractix e aspects of 
professional xxork. Schools, hoxvever, operate as if consultants, school tiistriet experts, textbook 
authors, trainers, and distant professionals possess more relevant expertise than the teachers in the 
scho{>ls. 

Teachers often complain that the conditions they find in their schools do not alloxv them to use all 
the })r()fessional skills and knoxvledge they ac(|uircd through experience or teacher preparation 
programs. Further, bureaucratic management of schools proceeding from the x iexv that teachers lack 
the talent and motix ation to think for themselves goes against the idea of professional autonomy. In 
addition, the increase in testing as a means of monitoring student progress (and, in turn, teacher and 
school performance) leads to a narroxvin^ of the curriculum in anticipation of tests. The tests 
constrain the professional discretion of teachers in xvays that are not alxx ays appropriate and may ex en 
undermine good teaching. It is important that metbods of measuring student performance be 
designed xvirh the objective of improving genuine learning, so that effective teaching is properly 
motivated. 

The goal orientation and accountability noxx- being emphasized in schools, reinforced by testing and 
other performance measurement programs, are reasonable and proper. Moreoxer, if increased 
accountability for the results of teaching is accompanied by increased freedom in the teacher s choice 
(»f modes of instruction, then teaching can become a more satisfying profession that attracts and 
iiolds better (|ualified people, 1 l()x\evcr, these same trends may stifle the idiosyncratic strengths of 
creative teachers if the\ manifest theniselxes as an undue reliance on mechanistic testing, in 
pursuing the performance-based education goals of previous chapters, one must be mindful of the 
implications for teachers and effectix e teaching. 
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Reform of High School Teacher Preparation Programs: 
Academic Content 



'Icachcr education proo^ranis in the Tnitcd States arc eclectic and highly varied; their desis^n 
responds more to administratix e and lo£i;istical priorities than to a knowledge base. There is a need to 
define the content kiKm^ledge base and to express it in undergraduate and graduate curricula in 
mathematics and science. 'I'he major in a discipline is a good starting point for the development of 
this definition, especially for high school teachers. However, for several reasons, the nature and 
scope of the content base for teaching needs definition beyond the typical major. 

'Hie teacher s knowledge must go beyond concepts and facts of a domain to an understanding of the 
structures of a subject. For example, the biology teacher must understand that there are a variety of 
ways of organizing the discipline as is reflected by the red, green, and blue versions of the Biological 
Science Curriculum Study (BSCS) texts. These different \ ersions are by no means intended to 
address different ability lex els, but to present three distinctly different substantive principles for 
organizing the content. 

Additionally, the science disciplines are interrelated. I'or example, there is a need to include basic 
mathematics for the effective study of science. In the case of a biology major, there is a need to 
include chemistry, physics, and earth and environmental sciences — as well as mathematics — in the 
program. Similarly, other science subjects are dependent on the study of neighboring disciplines bv 
their majors. 

Nowadays, science teachers are expected to address issues at the interface between natural science 
and social science. The prominence of contro\crsial and so-called scicnce-technology-society issues 
such as the ethical issues and societal problems associated with such phenomena as in vitro 
fertilization, genetic engineering, and nuclear waste disposal require successful teachers to have 
sophisticated knowledge of both natural science and social science. We must also be sensitive to the 
issue of applications; the inclusion of medicine in biology education, for example, or engineering in 
the physical sciences. I'hese observations underscore the fact that the nature of what we expect 
children to know and be able to do is changing. 'I'herefore, the measure of and preparation for 
competent teaching is also changing. 'I'he challenge f(.r teacher preparation programs is not that we 
ha\ e incompetence, nut that our standards are broadening. 

.\ powerful trend in teacher certification and employment practices reinforces the call for a closer 
look at the content base for science teaching. Many science teachers arc required to teach more than 
one science subject. School managers (i.e., principals and superintendents and their designees, who 
exert considerable influence in the selection of teachers) want as much flexibility as the managers of 
any organization. 'I'hey want less regulation rather than more. 

.\s a result, one sees a major trend toward broad field certification for high school teachers in contrast 
to the traditional certification in specific fields of biology, chemistry, physics, etc. 'Iwo-thirds of the 
states certify science teachers through broad field as well as in specific fields. In (ieorgia, for 
example, certifying biology, physics, chemistry, or earth science specialht teachers is possible, but the 
certification of the hroad fieid s{:\cx\{:c teacher for all four subject areas is not only possible but the 
route preferred for teachers by school officials for reasons cited earlier. 'I'he broad field certification 
is the more prevalent route for science teachers and typically involves a major in one science field 
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and signifiCLint academic work in the otlicr fields. However, despite the fact that the total (juantity of 
science study for broad field certification is substantial, there is no degree program in the university 
preparing the broad field teacher. Certification is achieved through a special review of the 
candidate's course record by the state department of education. This course record frequently has 
much less coordination and integrity than is desirable and possible. 

For all of these reasons, there is a need for a ''Science for All Sci ence 'leachers," an analog to Srienre 
for Ml Xmericau^, Science for All Americans is a comprehensive effort, sponsored by the American 
Association for the Advancement of Science, to have groups of mathematicians, scientists, and 
engineers define "the knowledge, skills, and habits of mind that all students should have acquired 
by the time they finish high school." This work is being used as the basis for the subsequent effort 
by the National Research Council to design standards for curricula in school science. 

In the very same spirit, a major effort should be undertaken to have teams of mathematicians, 
scientists, engineers, and educators develop a Science for All Science Teachers. This development 
will then form the base for the design and development of programs for the preparation and 
continuing professional development of science teachers. The NCrFM standards include standards 
for teaching as well as for curriculum and assessment in mathematics and were the basis for a 
subsequent effort by the Mathematical Association of America to develop and promulgate standards 
for teacher education in mathematics. This sort of work needs to be carried out for science. 
Moreo\*er, both mathematics and science need models of exemplary programs based on these 
developments. 

INSTRUCTIONAL MODELS 

'I 'he re is substantial evidence that exposure to good teaching is an important factor for the 
preparation of teachers. Indeed, the evidence indicates tliat ihe old adage that we teach as we have 
been taught is cjuite true. This is all the more reason why we must focus on the models of content 
teaching to which prospective teachers are exposed in the university. This issue is more fully 
dex eloped in the discussion of undergraduate teaching below. 

PEDAGOGY 

There is a widespread belief that teacher preparation programh give too much emphasis to pedagogy 
over content. This relative emphasis is all the more a problem because it is also believed that 
pedagogy, as such, is much less robust as the object of academic study than is the study of content. 
This issue should be confronted head on. There is no question that teachers need understanding of 
the nature of the learner and of effective instructional design and practice. The substantial literature 
on the subject and practical experience should guide this debate. Content-specific and context- 
specific pedagogies are especially promising aspects of this issue that should be pursued. The 
foregoing recommendations regarding science and mathematics content for teachers should 
encompass this issue. 
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Technology 



The application and utilisation of technology in education is relevant to both c^f the tv\ in ^oals. 
Certainly, teacher education programs nuist incorporate the latest and best preparation for 
technology applications. 'Iliere is a large literature on this topic to inform program design. I lowever, 
schools must also proN ide teachers as professionals w ith the appropriate support to facilitate effective 
applications. 'I'his last is a serious problem. '1 raditionally schools do not ec|uip teachers with 
telephones, let alone more sophisticated communications and instructional technologies. Thus, 
advancing the use of technology is of special significance for the goal of strengthening the profession 
of teaching. 



Elementary Mathematics and Science 

Many of the foregoing remarks regarding academic preparation and instructional models for high 
school teacher preparation and dex elopment apply to elementary schorA teaching as well. I lowever, 
there is a special problem at the elen.entary level that recjuires special responses. It is still the case in 
the vast majority of elementary schools in America that a teacher teaches all subjects to the same 
group of children. While there is c\'idence that teachers are assisted by specialists in areas such as 
art, music, or physical education, there are few specialists of mathematics or science in the 
elementary school. Because the elementary teacher must teach across so many areas, preparation 
programs do not include in-depth study in any subject, let alone mathematics or science. Kven in 
stares that have moved to recpiiringan arts and sciences degree before entry into a professional 
development program for elementary teachers, few candidates are electing to major in mathematics 
or science. 

While our call for reexamination of the content knowledge base for high school teachers applies to 
elementary teachers as well, additicmal steps are needed to deal with this special problem. School 
restructuring that dex elops models for the instruction of young children built on the concept ot 
specialists in mathematics and science must be pursued along with other ways of organizing the 
school curriculum and utilization of teachers and other instructional resources. 

The National Klementary Science Leadership Initiativ e, a four-year project of the National Science 
Resources (Center supported by the National Science lu)undation, offers an especially attractive 
model that activ ely engages mathematicians, scientists, and engineers in elementary science 
education. The program is based on the idea of each school district forming a coalition of 
outstanding elementary teachers (as a district leadership team) with a small team of local scientists 
and engineers. The major role of the coalition is to create a science lobby to help promote change. 
The coalitions in \ arious school districts would, in turn, be networked for the exchange of ideas and 
mutual assistance. The program is designed to provide two-day mini-courses in connection with the 
national meetings of major American scientific societies to facilitate the development and 
preparation of the local coalitions. 



LINKING TEACHER EDUCATION REFORM TO SCHOOL REFORM 

In conjunction with the National [education (Joals and the America 2()()() Strategy, many schools are 
introducing changes and innovations. Restructuring is the byword, and there is a growing niunber of 
sites where this is occurring. The I lohnes (iroup, the (Joodlad Network, the Coalition of Kssential 
Schools, and other efforts aimed at the reform of teacher education are suggesting co-reform — the 
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linking of university programs for teacher education to restructured and exemplary schools and 
giving these schools a larger role in teacher education. This, of course, is direcdy relevant to the call 
for strengthening teaching as a profession. 

Through such co-reform efforts, new models for the induction of beginning teachers into the 
profession through formal paid internships or mentoring programs involving master teachers can be 
developed. Moreover, in the spirit of the foregoing, the teachers can be encouraged and supported 
to become active catalysts of change in mathematics and science education. 

Such co-reform partnerships between unix ersitics and schools can also provide a basis for 
inx'cstigation of contcxt-and site-specific teacher education. For example, promising programs are 
being proposed and developed in science for Native Americans. Obviously, the scientific content 
must be the same for all students, but the mode of presentation can be effectively adapted to the 
cultural characteristics of the students. This idea can clearly be generalized either in terms of the 
context created by the local Jiidience for science education or of special characteristics and resources 
of the community (e.g., geography, geologx; technical industry-). 

Teaching Standards 

The work of the National Board for Professional Teaching Standards (NBPTS) is an endeavor of 
enormous national significance and appears to be particularly promising. NBPTS aims to develop a 
system of National Board Certification designed for experienced, not beginning, ''teachers whose 
preparation and experience have enabled them to understand how theory translates into practice, to 
ascertain what works, to learn how to judge student behavior and performance, and to practice as 
mature, professional decision-makers." To this end, NBP1\S is pursuing an agenda of policy and 
reform issues related to National Board Certification that includes the following priority areas: (a) 
creating a more effective environment for teaching and learning in schools; (b) increasing the supply 
of high-quality entrants in the profession, with special emphasis on minorities; and (c) improving 
teacher education and continuing professional development. In pursuing its agenda, NBPTS is 
working closely with other groups and organizations — for example, the National (Council of 
Teachers of Mathematics (NC'TM) and the NCTM standards. 

Undergraduate Education 

Poor instruction is a broad based policy issue ar every level. At the undergraduate le\ el, this issue is 
associated both with the specialized programs for the preparation and retention of prospective 
scientists and engineers and with the quality of undergraduate education in mathematics, science, 
and engineering offered to students majoring in non-science fields. 

Students in the sciences ha\'e the highest defection rate among all undergraduate students. A Sloan 
Foundation Report (1991) on factors contributing to the high attrition rates among science, 
mathematics, and engineering majors concluded "that some, possibly large, proportion of (this) 
attrition reflects a wastage of students with good potential," and "that important contributors to such 
wastage are institutional factors which, if addressed as a matter of priority, would significantly 
improve retention.'' Of the negative factors cited by undergraduate science, mathematics, and 
engineering majors, "poor teaching" and academic support was cited by over 50 percent inadequate 
high school preparation was cited by only 4.7 percent. This is the perspective of the students, and it 
cannot be ignored. 
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Among science majors, the ^'pre-occupation of faculty with their research to the detriment of their 
teaching" is among the most commonly cited commentaries about the condition of undergraduate 
science education. The relative popularity of science-related courses during the earlier school years 
seems to deteriorate quickly among first and second year college students. I'he higi) attrition rate 
among science and mathematics majors during the last two years of undergraduate education is 
attributed more to the students' perceived opportunities in research, teaching, and professional 
practice. 

Regarding mathematics, science, and engineering education for majors in non-science fields, there 
seems to be a consensus among many observers of the imdergraduate experience that the lower 
division, or entry-level, course rec|uirements suffer from serious neglect. Introductory courses rarely 
take into account the intellectual diversity of enrolled students, and rarely do these students have 
direct access to practicing researchers or laboratory experiments. 

Considering the increasing pace of scientific and technological developments, most colleges and 
universities ha\'e yet to provide undergraduates with the foundation they will need to function 
effectively in their careers, whatever they may be. Most colleges and universities require only two or 
three semesters of science-related courses for non-majors, and these courses are generally described 
as "watered down.'' 

Strengthening the (juality of instruction could be a major factor for improving retention. One 
mathematics professor and member of the Mathematical Science Education Board (MSKB) stated 
that it is clear to \'irtually everyone that the present system of science education works well only for 
those already committed to science. Concern about the inadequacies of undergraduate instruction is 
growing nationally. The Mathematical Sciences Education Board (MSKB) is in the forefront of 
providing leadership to redress this problem. Its recent report, Mozinglieyoiid Myths, calls for the 
development of models of good instruction as the first priority in the reform of undergraduate 
mathematics. Similar appeals are being made in the science disciplines. As indicated earlier, 
improved models of undergraduate content instruction would greatly improve elementary and 
secondar\* teacher preparation in content as well as pedagogy. 

Science and engineering fields are also developing plans to provide instruction that will be more 
effective in attracting and retaining well-qualified students. \ recently published report provides 
an especially cogent analysis of the teaching situation in colleges and universities in mathematics, 
science, and engineering. It is titled Awerica's Acndewic Future: i\ Report of the Presidential Young 
Investigator CoHoquiuw on l\S, Engineering. Mathematics, and Scienre Education for the Year 2010 and 
Beyond. The report presents Five Principal Points to assure high (juality instruction in engineering, 
mathematics, and the sciences: 

■ Encourage and reward teaching excellence, instructional scholarship, and public service as well as 
research. 

■ Increase substantially resources for instructional innovation and curriculum renewal, especially for 
undergraduate education. 
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■ Assume primary responsibility for public understanding of science and technology, principally 
through high-quality precollege teacher preparation and lower division undergraduate instruction. 



■ Assure adequate career participation in engineering, mathematics, and the sciences by all 
segments of society, particularly careers as precollege and college faculty. 

■ Encourage the dex elopment of discovery-oriented learning environments and technology-ba^ed 
instruction at all educational levels. 

These recommendations come from a colloquium of Presidcntiai Young Investigators (PYI) selected 
for their awards in th;: years 1984-89. Their promise as researchers pro\'ided the basis for their 
selection. Thus, this group has an unusual degree of credibility for addressing issues of instruction. 

l^hese principles of the PYI colloquium recommendations encompass a number of issues, but three 
are highlighted here as of special concern and interest. First is the significance of instructional 
quality in content areas of college and university teacher preparation programs for elementary and 
secondars* school teachers. Improved content programs and instructional models are essential if 
teacher preparation programs are to be reformed. 

Second is the idea of making education in mathematics, science, and engineering more accessible to 
more people. Often, university faculty members tend to have an interest in only those 
undergraduates they teach who are interested in and motivated to doctoral study in the discipline. 
The call is to provide stimulating undergraduate majors in, say, physics even for those students who 
do not wish to pursue graduate study. 

This issue of accessibility has many other ramifications as the PYI principles are studied and 
implemented. What is needed is to make the study of mathematics, science, or engineering more 
like a "liberal art " The serious study of literature or of history is undertaken by many who do not 
plan to become specialists in these areas but regard them as suitable preparation for careers such as 
teaching, journaiiMii, or law. A solid grounding in mathematics, science, or engineering must become 
similarly rega'oed as appropriate and effective preparation for a variety of career options. 

The third issue is perhaps the most challenging of all: effectively addressing the interrelationships 
among mathematics, science disciplines, and engineering fields. The terms interdisciplinar\', multi- 
disciplinary, and cross-disciplinary come to njind here. These terms are used sometimes 
synonymously and sometimes distinguished by nuance. The basic problem is that teaching is too 
specialized and would benefit from a movement toward synthesis and less specialization. In any 
case, reform of undergraduate education may well turn on the success with which this issue is 
addressed. 

On the basis of these considerations, a major overriding recommendation is offered. There is a 
significant investment on the part of the federal government, mostly through the National Science 
Foundation, supporting efforts for the improvement of undergraduate education in mathematics, 
science, engineering, and technology. We recommend that the relevant programs be designed to 
promote the aims developed herein. 
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Graduate education 



CJraduatc education presents a special problem because of the close relationship to research in 
mathematics, the sciences, and en.u;ineering fields. Accordingly, this Tea will be more fully 
developed in the new study of the health of research-intensive universities currently being 
undertaken by PCAS'i'. I lowever, two items are highlighted here as precursors to the report of this 
new study. 

First, there is a high proportion of foreign students in mathematics, science, and engineering 
graduate programs in the United States. It is sometimes argued that these students do not displace 
Americans. { lov. cver, others argue the opposite point. In any case, the dynamic of selection is (|uite 
complicated. While this may raise cpiestions about whether the capacity of graduate education 
exceeds that which is reciuired to meet national needs, graduate study (by both foreign and American 
students) is an integral part of research programs. From this point of view, it might be argued that 
the United States gains by having high-cjuality input. CJiven the principal points of the PVI study 
discussed above and the comments made about expanded access to programs, we believe that 
stimulus of American interest in graduate study in mathematics, science, and engineering is in order. 
Accordingly, we recommend that increased incentives be provided (e.g., through fellowships and 
traineeships) for the recruitment and retention of U. S. graduate students in graduate programs in 
mathematics, science, and technology. 

The second issue is closely related to the first. Graduate education in the most distinguished science 
and engineering departments in American unix crsities is too often conducted in an atmosphere in 
which imdue \ alue is attached to the replication of the faculties' careers. Less famous academic 
departments tend to emulate the research culture of the most prestigious institutions, prov iding too 
little attention to the needs of industry ()re\ en to the educational recjuirements of their students. 
Unless significant changes in the culture of graduate education can be achieved, the potential for 
financial support and domestic enrollment will probably not be realized. 
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Chapter v. 

Learning Through Research 



It has become customary to discuss the learnin^^; experiences fostered in an academic environment 
in bifurcated terms, separating teachin^^; from researcii as thou^^h they were unrelated activ ities. 
This is at least in part because teaching is frequently understood to be a process of transmitting 
information from authority (the teacher) to the learner. The student is in this model the "clean 
slate" on which new information is to be inscribed, or the "empty x esseK' into which fresh 
knowledge is to be poured. But there is evidence that the clean slate and empty vessel metaphors 
are not accurate. In fact wc learn at all levels through some combination of communication from 
authority and personal exploration (research). Because both of these learning activities have become 
highly organized and expensive operations in American colleges and universities, with different 
financing strategies and different emphases within different kinds of institutions, we often separate 
teaching and research in our analyses of higher education. This may be convenient for 
administrative purposes, but such artificial separation of intellectually linked activities can be 
misleading, with dangerous consequences. 

The title oi this report is LEARMXGfo Meet the Snemr am! Tee/nio/oiry Challemre. and logically one 
should expect learning through research to he included in its scope. However, there is a separate 
study of research-intensive universities and the federal go\ernment in preparation by the Presidents 
Council of Advisors on Science and Technologv; and it would be both redundant and confusing to 
incorporate a digest of this material in the present report. 

Thus, a dilemma is posed: How can we omit "learning through research" from this report without 
fostering the illusion that effective teaching can be advanced without corresponding support for 
research? The resolution attempted here is the present chapter, designed to recognize the 
fundamental linkage between teaching and research without incorporating any substantive treatment 
of the latter activity. 

A distinction should be made, however, between "learning through research" and "research about 
learning." The fields of science, mathematics, engineering and technology recjuire by their nature a 
significant amount of learning through research; much learning in these fields is individual and 
experiential in character. But scholars in these fields have gi\ en very litde attention to the important 
business of doing research on the learning process. Specialists in the fields of education and 
psychology do care about research on learning, but until recent years few among them have been 
focusing their interests on the learning processes ^hat are peculiar to science, mathematics, 
engineering, and technology, noting the variations among these disparate fields. 

We are persuaded in FCAST that the Nadonal Kducation Goals would be more readily achieved if 
we had a better understanding of the learning process. We are particularly concerned about the need 
to discover new ways to engage young minds in modes of thought peculiar to science, mathematics, 
and engineering. We are concerned that whole sectors of our population, particularly females and 
certain minority groups, are not pursuing careers in these fields in numbers proportional to their 
talents, and we want to encourage the systematic investigation of this phenomenon. 
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\Vc note, for example, the difficulties encountered in attempts to measure mathematical skills 
without inad\ ertent reliance on verbal skills for mathematical performance, 'l^he unexpected success 
of^irh and minority children in such pure "math games" as the Tweitty-Four Challenge program 
mentioned in Chapter HI raises (juestions about the possibility of significance beyond the evidence 
of adroitness in arithmetic. Is there something fundamental revealed by the experience in such 
competitions in basic mathematics, which often yield winners v/ho surprise their teachers? Are we 
missing an opportunity to identify and nurture talent? Do children learn mathematics and science 
better with games today than in past generations, and learn less well through familiar learning drills? 
Do children with different cultural backgrounds respond differently to educational challenges in 
science, madiematics, engineering, and technology? Would an early introduction to technology 
better motix ate learning about science and mathematics? These are all important questions, and we 
do nor know the answers, 'l^he federal government should sponsor serious research programs 
designed to provide these answers. We need more research on learning. 

Contemporary thinking and research are providing important insights that indicate that students 
constnict their own understanding and do not mirror simply what they are told or what they read. 
Moreover, the learners formulation of understanding is based on a great deal of prior information. 
.A child s cultural and familial environment affects how^ informatiw.: transmitted in a classroom is 
processed in the child's mind. Hiese ^^environmental" factors affect what is retained by the child, 
what is pursued further, and what is virtually ignored, 'l^hus, students come to their science classes 
with surprisingly extensive theories about how the natural world works. 'I'hese naive theories attect 
what rhey perceive to be happening in the classroom and in laboratory experiments. These naive 
theories are developed as a natural human tendency to come to grips with and find order in a world 
that, especially to a child, seems incredibly complex. Moreover, they often continue to attach their 
incorrect and naive understandings to situations even after instruction supposedly provided correct 
versions. For example, one piece of research showed that college students could successfully 
complete an introductory physics course, presumably having learned Newton s Laws of Motion, and 
yet persist in believing the contradictory Aristotelian ^impetus" theory of motion, which holds that 
the capacity to initiate motion is inherent in an object, which in the absence of such initiative tends 
toward a normal state of rest. 

From this perspective, engaging students as active participants in learning underscores the 
importance of our theme, Lmniing Through Research. There are several ways that contemporary 
approaches to teaching and learning give expression to this theme: 

Technology Linking Research to Education. It was noted in Chapter III that the central idea of 
nurturing talent in mathemadcs and science is to find ways to allow students to do "real" science as 
much as possible. This prescription has significance quite broadly for education in mathematics and 
science. C.ontemporary computing and telecommunications tools make it possible fi)r researchers to 
share their current research activities with high school teachers and students. W^x example, 
researchers in computational physics develop and use software models of microscopic molecular 
dynamics. Students in a variety of different junior and senior high schools are now using those same 
software models to develop their understanding. Similarly, visualization technology and software for 
mathematical symbolic manipulation have the potential for significantly changing the scope and 
sequence of school and college mathematics and science courses. In these ways, novices can acquire 
a qualitative understanding of complex models and simulations that previously required sophisticated 
quantitative reasoning. 
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Direct Access to Scholarly Materials. The idea of the teacher as the sole episcemolo^ical 
authority for the student has long been obsolete, but tlie norni in practice is stil! the combination of 
one teacher and one textbook as episteniological authorities, Most students \'ie\v schohirly materials 
only through the filter of a textbook, an important technology witn many shortcomings. Textbooks 
tend to establish the school as the ulnmate authority with regard to knowledge, thereby diminishing 
appreciation of the importance of exploring original sources of knowledge. Libraries ha\'e offered 
some counterbalance to this role; howex er, communications and computing technologies can far 
surpass libraries in opening the world of knowledge to teachers and students. Through these tools, 
teachers are ul)le to select primary rather than secondary resources for the curriculum, 'I 'his will help 
both students and teachers to become informed and independent decision makers. 

Research Participation, Two current projects illustrate how research participation experiences can 
be made a\ ailable to large numbers of dispersed students. Project JASON proN'ides live tele\'ision 
images of ongoing deep sea exploration, with some opportunity for remote interaction between 
studeius and scientists. More than thirty universities and science museums serve as downlink and 
coordinating sites. Kach recruits students and teachers in its respective area, coordinates viewing of 
the live transmission of imdersea exploration, presents workshops for teachers, and generally 
implements the blending of undersea exploration with school programs for science education. A 
second project is KIDSNKT, an NSF-fundcd activity to facilitate school teacher and student access 
to INTKRNKT. National (jcographic, one of the sponsors, structures research activities for students 
who then share data. 
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Chapter VI. 

Recommendations 




oncliisions and recommendations ha\ e been woven into the text of this report, integrated with 



V>ar^^iiments for their adoption and descriptions of context. The purpose of this final chapter is to 
distill the recommendations from the preceding text and to record them for convenient access, 

'I'he President s (Council of Advisors on Science and Technology was estahlishcd to advise the 
President, and by extension the executive branch of the federal government. 1'hc nature of our 
democracy recjuires that such ad\ ice by directed to the United States Congress as well. One might 
expect therefore to fmd a POVS'P report limited in its recommendations to those directed primarily 
at the federal government. 

Responsibility for advancing learning about science and technology is, howe\'cr, a shared enterprise 
in the Tnited States, requiring the coordinated efforts of all sectors of society, and it would be 
inappropriate to limit the recommendations in this report to those directed to the federal 
go\ ernnient. What follows therefore reaches somewhat beyond that narrow interpretation of the 
P(JAST charge, although greater specificity is attached to the recommendations to the federal 
gox ernment. Thus, the format of this chapter distinguishes "general recommendations'' from 
"recommendations to the federal government/' and further defines a set of "recommendations to the 
President,'' 



General Recommendations 

1. Recognize that the key to success in meeting the science and technology challenge is kanung. 
which is advanced by research, teaching, and a wide range of human experiences throughout life. 
The challenge to the United States is not a simple matter, and there will be no quick, easy, or 
painless solutions. PCAS'I' recommends a moratorium on the search for a "cure" to America's sick 
schools that is analogous to a magic pill with no side-effects; we must plan and execute diverse 
strategies for the longer term, and persist in their implementation. 

2. Accept the process that will lead to improvement of basic (elementary and secondary) education in 
America. This process has been defined adequately: 



■ Hstablish National Education Goals. 



■ Establish National Education Standards. 



■ Establish a national system of performance assessment instruments and procedures (but not a 
federally mandated test). 



■ Develop local and regional strategies for meeting the National Education Standards using 
approved methods of assessment (but not a federally mandated national curriculum). 
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■ Develop statistically valid survey instruments (such as those of the National Assessment of 
Kducational Progress (NAKP), to define a single federally sanctioned statistical measurement of the 
comparative progress of groups of students and teachers (but not of individuals). Also, press ahead 
with the serious challenge of implementing the results of this process. 

3. Abandon the illusion that basic education is terminally ill and higher education is robustly healthy 
in America. There are genuine strengths and severe weaknesses at all levels, and there is a great 
need for integrated, systemic improvement that is perhaps best described as belated adaptation to a 
changing world. Problems are perhaps most severe in the fields of mathematics, science, and those 
disciplines (such as engineering) that build upon these foundations, and these domains of study may 
be most critical for our national recox'ery. 

4. Recogni/e that education cannot be significantly improved without serious attention to tiie 
development of at all levels, particularly in the fields of mathematics, science, and those 
disciplines (such as engineering) that build upon their foundanons. 

5. Accept responsibility in all sectors of American society for improving education, forging 
partnerships including families, churches and community groups, business, labor, and governmer t at 
all levels to join with the schools, colleges, and universities in a concerted effort to rebuild the 
.\merican dream on the foundation of learning. 

RECOMMENDATIONS TO THE FEDERAL GOVERNMENT 

1. Advance the reform agenda of the America 2()()() program. In this context PCAST urges the 
following: 

■ Shift focus from programs and institutions to individual children, recognized as both national 
assets and potential liabilities. Kmphasi/e efforts to stimulate learning by all children to keep them 
in school and maximi/.e their development. 

■ Preserve and exploit more effectively the variety of options now available to Americans. 

■ Diversify strategies, encourage more options, and offer more choices to children and their parents. 

■ Provide special incentives fi)r females and under-represented minorities in the study of science, 
mathematics, engineering, and technology at all levels. 

■ Reward exceptional teachers, and provide effective training in science and mathematics for both 
teachers in service and student teachers. 

■ Provide access to telecommunications networks hnking schools, colleges, and universities, so that 
resources can be shared most effectively. 

■ Support the continuing development of National Education Standards in mathematics and 
science. 

■ Support curriculum development and laboratorv* learning in mathematics and science. 
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■ Support the development of reference examinations and other means of performance evaluation. 

■ Kncoura,u;e and supp()rt commimity partnerships committed to systemic reform of basic education 
with the goal of institutionalizing permanent collaborations among all sectors of society. 

2. Intensify commitment to excellence as well as equity in basic education through federal support 
of such programs as the following: 

■ National Science lu)undation "Young Scholars Program;'' 

■ Department of Education "Javits CJifted and 'lalented Education Program;" 

■ Summer Laboratory Schools at NASA and IX)K laboratories for promising students following 
grades 7, 9, and 1 1 in residential programs inN'olving schoolteachers, professors, and laboratory 
personnel; 

■ Summer Institutes at "magnet schools," ^'Gox ernor's schools," and other special academies for 
students showing promise in math and science; and 

■ National Science Foundation "National Elementary Science Leadership Initiative." 

3. Stimulate education reform at the college level in mathematics, science, and engineering by 
supporting such initiatives as the following: 

■ Encourage with appropriate incentives the integration of federally sponsored university research 
with the education of both graduate and undergraduate students; 

■ Provide contracts and grants for curriculum development and instructional innovation, subject to 
peer review for grant award and report publication, to replicate incentive structures now established 
for research; 

■ Encourage and reward teaching excellence, instructional scholarship, and public service as well as 
research; 

■ Support the use of technology to improve productivity in instruction; 

■ Encourage undergraduate majors in mathematics and science to become elementary and 
secondary school teachers, using such incentives as fellowships, traineeships, and loan forgiveness. 
Also, encourage university faculty to attach new value to undergraduate majors not destined for 
Ph.D/s.; 

■ Encourage the development of high-quality programs for technology education linked to the 
workplace; 
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■ Knc()iira^i;c programs that enhance the prospects of success for students who experience delayed 
access and entry to education in mathematics, science, engineering, and technology; 

■ Support programs to strengthen mathematics and science backgrounds for current teachers as well 
as student teachers, with particular attention to the need to develop more clementarx' school 
specialists in mathematics and science; and 

■ Increase support for graduate education in engineering, science, and mathematics with 
fellowships, traineeships, and loan forgiveness programs, including teaching responsibilities as an 
integral part of these awards. 

Recommendations to the President 

1. Maintain the leadership initiative in education, using every opportunity to reinforce the public's 
understanding of the priority that must be given to education at all levels, including such devices as 
the following: 

■ Keep education at all le\ els in the foreground of political debate; 

■ Keep education at all levels central to such seminal speeches as the annual State of the Tnion 
address; 

■ Kstablish for high school students the Presidents Science and 'lechnology Award; 

• Kstablish for volunteers in the schools the President s Science Education Service Award; and 

■ Rccogni/e recipients of established teaching awards at both university and basic education levels; 
a letter of commendation from the President represents an importune statement of values. 

2. Kstablish budget priorities to match actions to words, supporting the initiatives suggested in this 
report as well as the ongoing efforts of the federal government supporting education at all levels, 
with particular emphasis on science, mathematics, engineering, and technology. 
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